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A compound of formula (I), wherein n, 
X, R 3 , R 4 and Ar are as defined above, use- 
ful in the treatment of a condition selected from 
the group consisting of arthritis, cancer, tissue 
ulceration, restenosis, periodontal disease, epi- 
dermolysis bullosa, scleritis and other diseases 
characterized by matrix metalloproteinase activ- 
ity, AIDS, sepsis, septic shock and other diseases 
involving the production of TNF. 
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ARYLSULFONYLAMINO HYDROXAMIC ACID DERIVATIVES 
Background of the Invention 
The present invention relates to 
arylsulfonylamino hydroxamic acid derivatives which are 
5 inhibitors of matrix metalloproteinases or the 

production of tumor necrosis factor (hereinafter also 
referred to as TNP) and as such are useful in the 
trea tmen t of a condition selected from the group 
consisting of arthritis, cancer, tissue ulceration, 
10 restenosis, periodontal disease, epidermolysis bullosa, 
scleritis and other diseases characterized by matrix 
metal loproteinase activity, AIDS, sepsis, septic shock 
and other diseases involving the production of TNP. 

This invention also relates to a method of 
15 using such compounds in the treatment of the above 
diseases in mammals, especially humans, and to the 
pharmaceutical compositions useful therefor. 

There are a number of enzymes which effect 
the breakdown of structural proteins and which are 
20 structurally related me talloproteases ♦ Matrix- 
degrading metalloproteinases, such as gelatinase, 
stramelysin and collagenase, are involved in tissue 
matrix degradation (e.g. collagen collapse) and have 
been implicated in many pathological conditions 
25 involving abnormal connective tissue and basement 

membrane matrix metabolism, such as arthritis (e.g. 
osteoarthritis and rheumatoid arthritis) , tissue 
ulceration (e.g. corneal, epidermal and gastric 
ulceration) , abn rmal wound healing; periodontal 
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disease, bon disease (e.g. Paget' s disease and 

oste porosis) , tumor metastasis or invasion, as well as 

HIV- infection ( J. Lauk. Biol. . 52 (2) :244-248, 1992). 

Tumor necrosis factor is recognized to be 
5 involved in many infectious and auto -immune diseases 
(W. Friers, FB$S Lexers, 1991* MS, 199). 
Furthermore, it has been shown that TNF is the prime 
mediator of the inflammatory response seen in sepsis 
and septic shock (C.E. Spooner et al«. Clinical 
10 TTimmTirtT qctv and 7 , ^Tyn'T * t * loloqv, * 1992, 62 Sll) . 

fl,t1wwl * 1 T ~* Invention 
The present invention relates to a compound 
of the formula 



15 



20 




I 



or the pharmaceutically acceptable salts thereof, 
wherein 

25 n is 1 to 6; 

X is hydroxy, (C 1 -Cg)alkoxy or NR*R 2 wherein 
R 1 and R 2 are each independently selected from the 
group consisting of hydrogen, (C^-Cg) alkyl, piperidyl, 
< c l" c 6* ^kyipiP^idy 1 ' (C 6" C 10 ) arylpiper idyl , (C g - 

30 C 9 ) he teroarylpiper idyl , ( C 6 - 0 ) ary 1 ( C x - 
C 6 )alkylpiperidyl, (C 5 -C 9 )heteroaryl (C^- 
C 6 )alkylpiperidyl, (C x -C 6 ) acylpiperidyl, (C 6 -C 10 ) aryl, 
(C 5 -C 9 )heteroaryl, (C 6 -C 10 )aryl (C 1 -C 6 )alkyl, <C 5 - 
C 9 )heteroaryl(C 1 -C 6 )alkyl, (C 6 -C 10 ) aryl (C 6 -C 10 ) aryl, 

35 (C 6 -C 10 ) aryl (C 6 -C 10 ) aryl (C 1 -C 6 ) alkyl, <C 3 - 

C 6 )cycloalkyl, <C 3 -C 6 ) cycloalkyl (C^-C^alkyl, R 5 (C 2 - 
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Cg)alkyl, (C^Cg) alkyl (CHR 5 ) (C^-Cg) alkyl wherein R 5 is 
hydroxy, (C^Cg) acyloxy, (C 1 -C 6 ) alkoxy, piperazino, 
(C^Cg) alkylamino, (C^Cg) alkylthio, <C 6 -C 10 ) arylthio, 
(C 1 -C 6 )alkylaulfinyl, <Cg-C 10 ) arylsulf inyl, (C x - 
5 Cg)alkylsulfoxyl, <C 6 -C 10 > arylsulf oxyl, amino, (C 1 - 
Cg) alkylamino, ( (C^-C^) alkyl) 2 amino, (C 1 - 
Cg) acylpiperazino, (C^-Cg) alkylpiperazino, (Cg- 
C 1Q ) aryl (C^-Cg) alkylpiperazino, (Cg-Cg) heteroaryl (C 1 - 
Cg) alkylpiperazino, morpholino, thiomorpholino, 

10 piperidino or pyrrolidine; R 6 (Cj^Cg) alkyl, (C^ 

C 5 )alkyl(CHR 6 ) (C 1 -Cg)alkyl wherein R 6 is piperidyl, 
(C x -Cg) alky lpiper idyl, <Cg-C 10 ) arylpiperidyl, (Cg- 
C 10 ) aryl ( C x - Cg ) alkylpiper idyl , { C 5 - 
C 9 ) he teroary lpiper idyl or (C^-C^) heteroaryl (C^- 

15 Cg) alky lpiper idyl; and CH(R 7 )COR 8 wherein R 7 is 

hydrogen, (C^Cg) alkyl, <Cg-C 10 ) aryl (C^Cg) alkyl, (C 5 - 

C 9 ) heteroaryl (C x -Cg ) alkyl , ( C x - Cg ) alkyl thio ( C x - 

Cg) alkyl, (Cg-C 10 )arylthio(C 1 -Cg) alkyl, (C x - 

Cg) alkylsulf inyl (C^-Cg) alkyl, (Cg-C 10 ) arylsulf inyl (C x - 

20 Cg)alkyl, (C 1 -Cg)alkylsul£onyl(C 1 -Cg) alkyl, <C 6 - 

C 1Q ) aryloulfonyl (C^-Cg) alkyl, hydroxy (C^-Cg) alkyl, 
amino (C^Cg) alkyl, (C^Cg) alkylamino (C^Cg) alkyl, ( (C x - 
Cg) alkylamino) 2 (C^^-Cg) alkyl, R 9 R 10 NCO(C 1 -Cg) alkyl or 
R 9 OCO(C 1 -Cg) alkyl wherein R 9 and R 10 are each 

25 independently selected from the group consisting of 
hydrogen, ( c i- c $) alkyl, (Cg-C 1Q ) aryl (C^Cg) alkyl and 
(C 5 -C 9 )heteroaryl(C 1 -C 6 )alkyl; and R 8 is R lx O or 
R 11 R 12 N wherein R^ 1 and R 12 are each independently 
selected from the group consisting of hydrogen, (C 1 - 

30 C 6 )alkyl, (Cg-C 10 ) aryl (C^Cg) alkyl and (C 5 - 
C 9 ) heteroaryl (C^-Cg) alkyl; 

or R 1 and R 2 , or R 9 and R 10 , or R 11 and R 12 
may be taken together to form an azetidinyl, 
pyrrolidinyl , morpholinyl , thiomorpholinyl , indolinyl , 

3 5 isoindolinyl , tetrahydroguinolinyl , 

t trahydroisoguinolinyl, (C 1 -Cg) acylpiperazinyl, (C^ 
Cg)alkylpiperazinyl, (Cg-C 10 ) ary lpiper azinyl, {C 5 - 
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C^Jheteroarylpiperazinyl or a bridged diazabicycloalkyl 
ring selected from the group consisting of 



(CH 2 ) r 



CH,) 



2'm 



(CH 2 ) r 



(CH 2 ) r 



10 



15 



< C ?2>r 



CT 2>p 



N 




d e 
wherein r is 1, 2 or 3 ; 

m is 1 or 2; 
20 p is 0 or 1; and 

Q is hydrogen, (C 1 -C 3 )alkyl or (C 1 -C 6 )acyl; 
F 3 and R 4 are each independently selected 
from the group consisting of hydrogen, (C^Cg) alkyl, 
trif luoromethyl, trif luoroxnethyl (C^-Cg ) alkyl , (C^ 
25 Cg)alkyl (dif luoromethylene) , (C-^- 

C 3 ) alkyl (dif luoromethylene) (C^C^ alkyl, (Cg-C 10 ) aryl, 
(C 5 -C 9 )heteroaryl, (Cg-C 10 ) aryl <C X - Cg ) alkyl , (C 5 - 
C 9 )heteroaryl (C 1 -C 6 ) alkyl, (Cg-C 10 )aryl {Cg-C 10 ) aryl, 
<C 6 -C 10 )aryl(C 6 -C 10 )aryl(C 1 -C 6 ) alkyl. (C 3 - 
30 Cg) cycloalkyl, (C 3 -Cg) cycloalkyl (C^Cg) alkyl, 

hydroxy (C^Cg) alkyl, (C^-Cg) acyloxy (C^Cg) alkyl, (C^- 
Cg ) alkoxy ( C x - Cg ) alkyl , piperazinyl ( - Cg ) alkyl , ( C x - 
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Cg) acylaminotC^Cg) alkyl, piperidyl, (C^- 
C 6 ) alkylpiperidyl , ( C 6 - C x 0 ) aryl ( C x - C 6 ) alkoxy ( C x - 
C 6 ) alkyl , ( C 5 - C 9 ) heteroaryl ( C x -C 6 ) alkoxy ( C x - Cg ) alkyl , 
(C^CgJalkylthio^-Cg) alkyl, <Cg-C 10 ) arylthio (C^ 
5 C 6 )alkyl, (C^Cg) alkylsulf inyl (C^Cg) alkyl, (Cg- 

C 10 ) arylsulf inyl <C 2 - Cg ) alkyl , (C x - Cg ) alkylsulf onyl (C x - 
Cg) alkyl, (Cg-C 10 ) arylsulf onyl (C^Cg) alkyl, amino (C^ 
C 6 ) alkyl, (C 1 -C 6 )alkylamino(C 1 -Cg) alkyl, ( {C x - 
Cg)alkylamino) 2 (C 1 -Cg)alkyl, R 13 CO (C^Cg) alkyl wherein 
10 R 13 is R 20 O or R 20 R 21 N wherein R 20 and R 21 are each 
independently selected from the group consisting of 
hydrogen, (C^Cg) alkyl, (Cg-C 10 ) aryl (C^Cg) alkyl or 
( C 5 - C 9 ) heteroaryl (C^Cg) alkyl; or R 14 (C^Cg) alkyl 
wherein R 14 is (C 1 -Cg)acylpiperazino, (Cg- 
15 C 10 ) arylpiperazino , { C 5 - C 9 ) heteroarylpiperazino , (Q 1 - 

Cg) alkylpipera2ino, (Cg-C 10 ) aryl (Cj-Cg) alkylpiperazino, 
( C 5 - C 9 ) heteroaryl (C^ - Cg ) alkylpiperazino , morpholino , 
thiomorpholino, piperidino, pyrrolidino, piperidyl, 
( - C 6 ) alky lpiper idyl , { Cg - C 10 ) arylpiper idyl , ( C 5 - 
20 C 9 )heteroarylpiperidyl, <Cg-C 10 )aryl (Cj- 
Cg)alkylpiperidyl, (C 5 -C 9 ) heteroaryl (Cj- 
Cg) alkylpiperidyl or (C^-Cg) acylpiperidyl; 

or R 3 and R 4 , or R 20 and R 21 may be taken 
together to form a (C 3 -Cg) cycloalkyl, oxacyclohexyl, 
25 thiocyclohexyl, indanyl or tetralinyl ring or a group 
of the formula 



30 




wherein R is hydrogen, (C 1 -C 6 )acyl, (C^-Cg) alkyl, 
35 <C 6 -C 10 ) aryl (C^Cg) alkyl, (C 5 -C 9 ) heteroaryl (C^Cg) alkyl 
or (C^Cg) alkylsulf onyl; and 

Ar is (Cg-C 10 )aryl, <C 5 -C 9 >heteroaryl, (C 1 - 
C 6 ) alkyl (C 6 -C 10 )aryl, (C^CgUlkoxy (Cg-C 10 )aryl, ( (C^ 



WO 96/27583 



PCT/US96/02679 



Cg) alkoxy) 2 <Cg-C 10 ) aryl, (Cg-C 10 ) aryloxy <Cg-C 10 ) aryl, 
<C 5 -C 9 )heteroaryloxy(C 6 -C 10 )aryl, (C^Cg) alkyl (C 5 - 
C 9 ) heteroaryl, (C^Cg) alkoxy (C 5 -C 9 )heteroaryl, ( (C^- 
C 6 ) alkoxy ) 2 (C 5 - C 9 ) ha teroaryl , ( C 6 - C 10 ) aryloxy { C 5 - 
5 Cq ) heteroaryl , (C 5 - C^) heteroaryl oxy (C 5 -C 9 ) heteroaryl ; 

with the proviso that when either R or r is 
CH(R 7 )COR 8 wherein R 7 and R 8 are as defined above, the 
other of R 1 or R 2 is hydrogen, (C^-Cg) alkyl or benzyl. 
The term "alkyl", as used herein, unless 
10 otherwise indicated, includes saturated monovalent 
hydrocarbon radicals having straight, branched or 
cyclic moieties or combinations thereof. 

The term "alkoxy" , as used herein, includes 
O- alkyl groups wherein "alkyl" is defined above. 
15 The term "aryl", as used herein, unless 

otherwise indicated, includes an organic radical 
derived from an aromatic hydrocarbon by removal of one 
hydrogen, such as phenyl or naphthyl, optionally 
substituted by 1 to 3 substituents selected from the 
20 group consisting of fluoro, chloro, trif luoromethyl, 
(C^-Cg) alkoxy, <Cg-C 10 ) aryloxy, trif luoromethoxy, 
dif luoromethoxy and (C^Cg) alkyl . 

The term "heteroaryl" , as used herein, unless 
otherwise indicated, includes an organic radical 
25 derived from an aromatic heterocyclic compound by 
removal of one hydrogen, such as pyridyl, furyl, 
pyroyl, thienyl, isothiazolyl, imidazolyl, 
benz imidazolyl, terazolyl, pyrazinyl, pyrimidyl, 
quinolyl, isoquinolyl, benzofuryl, isobenzofuryl, 
30 benzothienyl, pyrazolyl, indolyl, isoindolyl, purinyl, 
carbazolyl, isoxazolyl, thiazolyl, oxazolyl, 
benzthiazolyl or benzoxazolyl, optionally substituted 
by 1 to 2 substituents selected from the group 
consisting of fluoro, chloro, trif luoromethyl, [C^- 
35 C 6 ) alkoxy, (Cg-C 10 > aryloxy, trif luoromethoxy, 
dif luoromethoxy and (C^-Cg) alkyl. 

The term "acyl", as used herein, unless 
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otherwise indicated, includes a radical of the general 
formula RCO wherein R is alkyl, alkoxy, aryl, arylalkyl 
or aryalkyloxy and the terms "alkyl" or "aryl" are as 
defined above. 

5 The term "acyloxy", as used herein, includes 

O-acyl groups wherein "acyl" is defined above. 

The compound of formula I may have chiral 
centers and therefore exist in different enantiomeric 
forms. This invention relates to all optical isomers 
10 and stereoisomers of the compounds of formula I and 
mixtures thereof . 

Preferred compounds of formula I include 
those wherein n is 2. 

Other preferred compounds of formula I 
15 include those wherein Ar is 4-methoxyphenyl or 4- 
phenoxyphenyl . 

Other preferred compounds of formula I 
include those wherein either R 3 or R 4 ±b not hydrogen. 
Other preferred compounds of formula I 
20 include those wherein n is 1 and either R 1 or R 2 is 
hydrogen . 

Other preferred compounds of formula I 
include those wherein X is hydroxy. Ax is 4- 
methoxyphenyl or 4-phenoxyphenyl and either R 3 or R 4 is 
25 not hydrogen. 

Other preferred compounds of formula 1 
include those wherein X is alkoxy, Ar is 4- 
methoxyphenyl or 4-phenoxyphenyl and either R 3 or R 4 is 
not hydrogen. 

30 Other preferred compounds of formula I 

include those wherein Ar is 4-methoxyphenyl or 4- 
phenoxyphenyl and R 3 and R 4 are taken together to form 
(C 3 -Cg)cycloalkanyl, oxacyclohexanyl, thiocyclohexanyl, 
indanyl or a group of the formula 
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5 




wherein R AD is (C 1 -C 6 )aeyl f (C^-Cg) alkyl, (Cg- 
C 1Q ) aryl { C x -Cg ) alley 1 , ( C 5 - C 9 ) heteroaryl ( C x - Cg ) alkyl or 
( C ^ - C g ) al ky 1 sul f ony 1 . 
10 More preferred compounds of formula I are 

those wherein n is 2, Ar is 4-methoxyphenyl or 4* 
phenoxyphenyl, R 1 and R 2 are taken together to form 
piperazinyl, (C^-Cg) alkylpiperazinyl, (Cg-C 10 )aryl 
piperazinyl or (C 5 -C 9 ) heteroaryl (C^- 
15 Cg) alkylpiperazinyl, and either R 3 or R 4 is not 
hydrogen or both R 3 and R 4 are not hydrogen. 

More preferred compounds of formula X are 
those wherein n is 2, Ar is 4-methoxyphenyl or 4- 
phenoxyphenyl, R 1 is hydrogen or (C^Cg) alkyl, R 2 is 2- 
20 pyridylmethyl, 3 -pyridylmethyl or 4-pyridylmethyl, and 
either R 3 or R 4 is not hydrogen or both R 3 and R 4 are 
not hydrogen. 

More preferred compounds of formula I are 
those wherein n is 1, Ar is 4-methoxyphenyl or 4- 
25 phenoxyphenyl, R 1 is hydrogen, R 2 is 2 -pyridylmethyl, 

3 -pyridylmethyl or 4-pyridylmethyl, and either R 3 or R 4 
is not hydrogen or both R 3 and R 4 are not hydrogen. 

More preferred compounds of formula I are 
those wherein n is 2, Ar is 4-methoxyphenyl, R 1 is 
30 hydrogen or (C^-Cg) alkyl and R^ is R a (C 2 -Cg) alkyl 

wherein R 5 is morpholino, thiomorpholino, piper idino, 
pyrrolidino , ( C± - Cg ) acylpiperaz ino , ( C x - 
Cg)alkylpiperazino, (Cg-C 10 ) arylpiperazino, (C g - 
C^Jheteroarylpiperazino, (Cg-C 10 )aryl (C^ 
35 C 6 )alkylpiperazino or <C 5 -C 9 )heteroaryl (C x - 

Cg)alkylpiperazino and either R 3 or R 4 is not hydrogen 
or both R 3 and R 4 are not hydrogen. 

M r preferred compounds of formula I are 



WO 96/27583 



PCT/US96/02679 



those wherein n is 1, Ar is 4-methoxyphenyl or 4- 
phenoxypheny 1 , R 1 is hydrogen, R 2 is R 5 (C 2 -C 6 )alkyl 
wherein R 5 is morpholino, thiomorpholino, piperidino, 
pyrrolidino (C^Cg) acylpiperazino, (C 1 - 
5 Cg) alkylpiperazino, (Cg-C 10 ) arylpiperazino, (c 5 - 
C^) heteroarylpiperazino, (Cg-C 1Q ) aryl (C^- 
Cg) alley lpiperazino or (C 5 -Cg)heteroaryl (C^- 
Cg)alkylpiperazino and either R 3 or R 4 is not hydrogen 
or both R 3 and R 4 are not hydrogen. 
10 Specific preferred compounds of formula I 

include the following: 

2- (R) -N-Hydroxy-2- [ (4- 
me thoxybenzenesulf onyl ) ( 3 -morpholin-4 -yl - 3 - 
oxopropyl) amino] -3-methylbutyramide; 
15 2- (R) -2- [ (2-Benzylcarbamoylethyl) (4- 

me thoxybenzenesulf onyl) amino] -N-hydroxy-3- 
me thy lbutyr amide ; 

2- (R) -N-Hydroxy-2 - { (4- 
me thoxybenzenesulf onyl) (2- [ (pyridin-3 -ylmethyl) - 
20 carbamoyl] ethyl) amino) -3-methylbutyramide; 
2- (R) -N-Hydroxy-2- ( [4- 
me thoxybenzenesulf onyl] [2- (methylpyridin-3- 
ylmethylcarbamoyl) ethyl] amino) -3-methylbutyramide; 
4- (3- [1- (R) -l-Hydroxycarbamoyl-2- 
25 methylpropyl) (4- 

me thoxybenzenesulf onyl ) amino] propionyl ) piperazine- 1 - 
carboxylic acid, tert-butyl ester; 

2- (R) -N-Hydroxy-2 - [ (4- 
me thoxybenz ene sul f onyl ) ( 3 - oxo - 3 - p ipe r az in - 1 - 
3 0 ylpropyl ) amino) - 3 -me thy lbutyr amide hydrochloride ; 

2- (R) -2- [ (Benzylcarbamoylmethyl) (4- 
me thoxybenzenesulf onyl ) amino] N- hydroxy- 3 - 
me thylbu tyramide ; 

2- (R) -N-Hydroxy-2- ( [4- 
35 me thoxybenzenesulf onyl] - [ (2 -morpholin-4 - 

ylethylcarbamoyl) methyl] amino) -3-methylbutyramide; and 
2- (R) -N-Hydr xy-2-{(4- 
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me thoxybenzenesulf onyl) ( [ (pyridin-3- 

ylm thyl) carbamoyl] m thyl) amino) -3 -methylbutyramide. 

Other specific compounds of formula I include 
the following: 
5 2 - (R) -3,3,3-Trifluoro-N-hydroxy-2- 

[ (me thoxybenzenesulf onyl) ( 3 -morphol in- 4 -yl - 3 - 
oxopropyl) amino] propionamide; 

2- (R) -N-Hydroxy-2- ( (4- 
phenoxybenzenesulfonyl) [2- (methylpyridin-4- 
10 ylmethylcarbamoyl ) ether] amino) - 3 -methylbutyramide ; 

4- [4-Methoxybenzeneeulfonyl) (3-morpholin-4- 
yl- 3 -oxopropyl) amino] -l-methylpiperidene-4-carboxylic 
acid hydroxyamide; 

2- (R) -N-Hydroxy-2- ( (4- 
15 me thoxybenzenesulf onyl) - [3- (4-methylpiperazin-l-yl) -3- 
oxopropyl] amino) -3 -methylbutyramide; 

2- (R) -2-1 (2-Carboxyethyl) (4- 
methoxybenzenesulf onyl) amino] -N-hydroxy-3- 
methylbutyramide ; 
20 t (2-Carboxyethyl) (3,4- 

dimethoxybenzenesulf onyl) amino] -N-hydroxy-acetamide; 

2- (R) -2- [ (2-Carbamoylethyl) (4- 
methoxybenzenesulf onyl) amino] -N-hydroxy-3- 
me thy Ibutyr amide ; 
25 2- (R) ,3- (R) -3,N-Dihydroxy-2- [(4- 

me thoxybenzenesulf onyl ) ( 3 - oxo- 3 -piper idin- 1 - 
ylpropyl) amino] -butyramide; 

2- (R) -N-Hydroxy-2- ( (4- 
me thoxybenzenesulf onyl) 13- (methylpyridin-3- 
3 0 ylmethylcarbamoyl ) propyl] amino) - 3 -methylbutyramide ; 
2- (R) -N-Hydroxy-2- ( (4- 
methoxybenzenesulfonyl) [2- 

(methylcarboxymethylcarbamoyl) ethyl] amino) -3- 

me thy Ibutyr amide ; 
35 2- (R) -N-Hydroxy-2- ((4- 

methoxybenzenesulfonyl) - t (l-methylpiperidin-4- 
ylcarbamoyl) methyl] amino) - 3 -m thylbutyramide; 
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2- (R)-2-Cyclohexyl-N-hydroxy-2- ( (4- 
me thoxybenz en sulf nyl) - [3- (4-methylpiperazin-l-yl) -3- 
oxopropyl] amino) -acetamide; 

2- (R) -N-Hydroxy-2- 
5 [ (me thoxybenz enesulfonyl) (3 -morpholin-4 -yl - 3 - 
oxopropyl) amino] -4- (morpholin-4-yl) butyramide . 

The present invention also relates to a 
pharmaceutical composition for (a) the treatment of a 
condition selected from the group consisting of 

10 arthritis, cancer, tissue ulceration, restenosis, 

periodontal disease, epidermolysis bullosa, scleritis 
and other diseases characterized by matrix 
metalloproteinase activity, AIDS, sepsis, septic shock 
and other diseases involving the production of tumor 

15 necrosis factor (TNP) or (b) the inhibition of matrix 
metalloproteinases or the production of tumor necrosis 
factor (TNF) in a mammal, including a human, comprising 
an amount of a compound of claim 1 or a 
pharmaceutically acceptable salt thereof, effective in 

20 such treatments and a pharmaceutically acceptable 
carrier. 

The present invention also relates to a 
method for the inhibition of (a) matrix 
metalloproteinases or (b) the production of tumor 

25 necrosis factor (TNF) in a mammal, including a human, 
comprising administering to said mammal an effective 
amount of a compound of claim 1 or a pharmaceutically 
acceptable salt thereof. 

The present invention also relates to a 

30 method for treating a condition selected from the group 
consisting of arthritis, cancer, tissue ulceration, 
restenosis, periodontal disease, epidermolysis bullosa, 
scleritis and other diseases characterized by matrix 
metalloproteinase activity, AIDS, sepsis, septic shock 

35 and other diseases involving the production of tumor 
necrosiB factor (TNF) in a mammal, including a human, 
comprising administering to said mammal an amount of a 



WO 96/27583 



PCIYUS96/02679 



- 12 - 

compound of claim 1 or a pharmaceutical^ acceptable 
salt thereof, effective in treating ouch a condition. 
p«fc*ilad Descr iption of the Invention 
The following reaction Schemes illustrate the 
5 preparation of the compounds of the present invention. 
Unless otherwise indicated R 1 , R 2 , R 3 , R 4 , n and Ar in 
the reaction Schemes and the discussion that follow are 
defined as above. 
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In reaction 1 f Scheme i, the amino acid 
compound of f nmila VII, wherein R 16 is (C^-Cg) alkyl, 
benzyl, allyl or tert -butyl, is converted to the 
corresponding compound of formula VI by reacting VII 
5 with a reactive functional derivative of an 

arylsulfonic acid compound, such as an arylsulfonyl 
chloride, in the presence of a base, such as 
triethylamine, and a polar solvent, such as 
tetrahydrofuran, dioxane, water or acetonitrile, 

10 preferably a mixture of dioxane and water. The 

reaction mixture is stirred, at room temperature, for 
time period between about 10 minutes to about 24 hours, 
preferably about 60 minutes. 

In reaction 2 of Scheme 1, the arylsulfonyl 

15 amino compound of formula VI, wherein R 16 is (C^- 

C 6 )alkyl, benzyl, allyl or tert-butyl, is converted to 
the corresponding compound of formula V, wherein n is 
1, 3, 4, 5 or 6, by reacting VI with a reactive 
derivative of an alcohol of the formula 

20 O 

rI'-O-C- <CH 2 ) n -0H 
such as the chloride, bromide or iodide derivative, 
preferably the bromide derivative, wherein the R 17 
protecting group is (C^-Cg) alkyl, benzyl, allyl or 

25 tert-butyl, in the presence of a base such as potassium 
carbonate or sodium hydride, preferably sodium hydride, 
and a polar solvent, such as dimethylf ormamide. The 
reaction mixture is stirred, at room temperature, for a 
time period between about 60 minutes to about 48 hours, 

3 0 preferably about 18 hours. The R 17 protecting group is 
choBen such that it may be selectively removed in the 
presence of and without loss of the R 16 protecting 
group, therefore, R 17 cannot be the same as R 16 . 
Removal of the R 17 protecting group from the compound 

35 of formula V to give the corresponding carboxylic acid 
of formula IV, in reaction 3 of Scheme 1, is carried 
out under conditions appr priate f r that particular 
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R 17 protecting gr up in use which will not affect the 
R 16 protecting gr up. Such conditi ns include; (a) 
saponification where R 17 is (C^-Cg) alkyl and R 16 is 

17 

tert -butyl, (b) hydrogenolysis where R is benzyl and 
5 R 16 is tert-butyl or (C^Cg) alkyl, (c) treatment with a 
strong acid such as trif luoroacetic acid or 
hydrochloric acid where R 17 is tert-butyl and R 16 is 
(C 1 -C 6 )al)cyl, benzyl or allyl, or (d) treatment with 
tributyltinhydride and acetic acid in the presence of 
10 catalytic bis (triphenylphosphine) palladium (II) 

chloride where R 17 is allyl and R 16 is (C 1 -C 6 ) alkyl, 
benzyl or tert-butyl. 

In reaction 4 of Scheme 1, the carboxylic 
acid of formula IV is condensed with an amine, R^R^NH, 
15 or the salt thereof, to give the corresponding amide 

compound of formula III. The formation of amides from 
primary or secondary amines or ammonia and carboxylic 
acids is achieved by conversion of the carboxylic acid 
to an activated functional derivative which 
20 subsequently undergoes reaction with a primary or 
secondary amine or ammonia to form the amide . The 
activated functional derivative may be isolated prior 
to reaction with the primary or secondary amine or 
Alternatively, the carboxylic acid may be 
25 treated with oxalyl chloride or thionyl chloride, neat 
or in an inert solvent, such as chloroform, at a 
temperature between about 25°C. to about 80°C, 
preferably about 50 °C, to give the corresponding acid 
chloride functional derivative. The inert solvent and 
30 any remaining oxalyl chloride or thionyl chloride is 
then removed by evaporation under vacuum. The 
remaining acid chloride functional derivative is then 
reacted with the primary or secondary amine or ammonia 
in an inert solvent, such as methylene chloride, to 
35 form the amide. The preferred method for the 

condensation of the carboxylic acid of formula IV with 
an amine to provide the c rresponding amide compound of 
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formula III is the tr atment of IV with (benzotriazol- 
1-yloxy) tris (dimethylamino) ph sphonium . 
hexaf luorophosphate in the presence of a base, such as 
triethylamine, to provide the ben2otriazol-l-oxy ester 
5 An situ which, in turn, reacts with the amine, R^R^N, 
in an inert solvent, such as methylene chloride, at 
room temperature to give the amide compound of formula 
III. 

Removal of the R 16 protecting group from the 
10 compound of formula III to give the corresponding 

carboxylic acid of formula II, in reaction 5 of Scheme 
1, is carried out under conditions appropriate for the 
particular R 16 protecting group in use* Such 
conditions include; (a) saponification where R 16 is 
15 lower alkyl, (b) hydrogenolysis where R 1€ is benzyl, 
(c) treatment with a strong acid, such as 
trifluoroacetic acid or hydrochloric acid, where R 16 1b 
tert- butyl, or (d) treatment with tributyltinhydride 
and acetic acid in the presence of catalytic 
20 bis (triphenylphosphine) palladium (II) chloride where 
R 16 is allyl. 

In reaction € of Scheme 1, the carboxylic 
acid compound of formula II is converted to the 
hydroxamic acid compound of formula I by treating II 
25 with 1- (3 -dimethyl aminopropyl) -3 -ethyl carbodiimide and 
1-hydroxybenztriazole in a polar solvent, such as 
dimethyl f ormamide, followed by the addition of 
hydroxylamine to the reaction mixture after a time 
period between about 15 minutes to about 1 hour, 
30 preferably about 30 minutes. The hydroxylamine is 

preferably generated in situ from a salt form, such as 
hydroxylamine hydrochloride, in the presence of a base, 
such as N-methylmorpholine. Alternatively, a protected 
derivative of hydroxylamine or its salt form, where the 
35 hydroxyl group is protected as a tert-butyl, benzyl or 
allyl ether, may be used in the presence of 
(benzotriazol-l-yloxy) tris (dimethylamino) phosphonium 
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hexaf luorophosphate and a base, such as N* 
methylmorpholine. Removal f the hydroxy 1 amine 
protecting group is carried out by hydrogenolysis for a 
benzyl protecting group or treatment with a strong 
5 acid, such as trif luoroacetic acid, for a tert -butyl 
protecting group. The allyl protecting group may be 
removed by treatment with tributyltinhydride and acetic 
acid in the presence of catalytic 

bis (triphenylphosphine) palladium (II) chloride. N,0- 

10 bis (4-methoxybenzyl)hydroxylamine may also be used as 

the protected hydroxylamine derivative where 

deprotection is achieved using a mixture of 

me thane sulfonic acid and trif luoroacetic acid. 

In reaction 1 of Scheme 2, the 

15 arylsulf onylamino compound of formula VI, wherein R* 6 

is (C n -C fi )al)cyl, benzyl or tert-butyl, is converted to 

IB 

the corresponding compound of formula VIII, wherein R 

is 2-propenyl or 3-butenyl, by reacting IX with a 

reactive functional derivative, such as the halide, 

20 preferably the iodide derivative, of 2-propen-l-ol when 

R 18 is 2-propenyl or 3-buten-l-ol when R 18 is 3- 

butenyl, in the presence of a base, such as potassium 

carbonate, cesium carbonate or sodium hydride, 

l fi 

preferably sodium hydride when R is 2-propenyl or 
25 cesium carbonate when R 18 is 3-butenyl. The reaction 
is stirred in a polar solvent, such as 
dimethyl formamide, at room temperature, for a time 
period between about 2 hours to about 48 hours, 
preferably about 18 hours. 
30 In reaction 2 of Scheme 2, the compound of 

formula VIII is converted to the carboxylic acid 
compound of formula IV, wherein n is 2. The compound 
of formula VIII, wherein R 1B is 2-propenyl, is 
converted to the compound of formula IV, wherein n is 
35 2, by reacting VIII with borane-dimethylsulf ide 

complex, followed by immediate oxidation using chromium 
trioxide in aqueous acetic acid. The oxidative 



WO 96/27583 



PCTOJS96/02679 



10 



15 



- 23 - 

cleavage f terminal olefins to carboxylic acids can be 
achieved by several meth ds known in the art* The 
preferred method for the oxidative cleavage of the 
compound of formula VIII, wherein R 18 is 3-butenyl, to 
obtain the carboxylic acid compound of formula IV is to 
react VIII with sodium periodate in the presence of a 
catalytic amount of ruthenium (III) chloride in a 
mixture of carbon tetrachloride, acetonitrile and 
water. 

The compound of formula IV, wherein n is 2, 
is further reacted to provide the hydroxamic acid 
compound of formula I, wherein n iB 2, according to the 
procedure described above in reactions 4, 5 and 6 of 
Scheme 1. 

An alternative method for the synthesis of 
the hydroxamic acid compound of formula I, wherein n is 
1 and R 3 and R 4 are both hydrogen, is shown in reaction 
1 of Scheme 2, beginning with reacting iminoacetic acid 
or a metal or ammonium salt of iminoacetic acid of 
formula X with a functional derivative of an 
arylsulfonic acid compound, such as an arylsulfonyl 
chloride, at room temperature, in the presence of a 
suitable base, such as triethylamine, and a polar 
solvent such as tetrahydrofuran, dioxane, water or 
25 acetonitrile, preferably a mixture of dioxane and 
water, to give the corresponding dicarboxylic acid 
compound of formula XI. 

In reaction 2 of Scheme 3, the dicarboxylic 
acid compound of formula XI is dehydrated to give a 
30 cyclic anhydride compound of formula XII. The 

formation of cyclic anhydrides by dehydration of 
dicarboxylic acids may be achieved by a variety of 
means. The preferred method for the dehydration of the 
dicarboxylic acid compound of formula XI to give a 
35 cyclic anhydride compound of formula XII is to treat XI 
with an excess of acetic anhydride at a temperature 
between about 25°C. to ab ut 80°C, preferably about 
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60 °C. Excess acetic anhydride and acetic acid, a by- 
product of the reaction, are removed by vaporation 
under reduced pressure leaving the cyclic anhydride 
compound of formula XXX* 

5 In reaction 3 of Scheme 3, the cyclic 

anhydride compound of formula XII is reacted, at room 
temperature, with an amine, NR*R 2 , or a salt of the 
amine, such as the hydrochloride, in the presence of a 
base, such as triethylamine, to give the carboxylic 

10 acid of formula II, wherein n is 1 and R 3 and R 4 are 

both hydrogen. Suitable solvents for the reaction are 
those that will not react with the starting materials, 
which include chloroform, methylene chloride and 
dime thy Iformamide, preferably methylene chloride. 

15 The compound of formula II is further reacted 

to give the hydroxamic acid compound of formula I, 
wherein n is 1 and R 3 and R 4 are both hydrogen, 
according to the procedure described above in reaction 
6 of Scheme 1. 

20 In reaction 1 of Scheme 4, the carboxylic 

acid compound of formula IV, wherein n is 2, is 
converted to the corresponding compound of formula V, 
wherein R 19 is (C^-Cg) alkyl or tert-butyl, by reacting 
IV with a compound of the formula 
25 (R 19 0) 2 CHN(CH 3 ) 2 

wherein R 19 is (C^-Cg) alJcyl or tert-butyl, in an inert 
solvent, such as toluene, at a temperature between 
about 60°C. to about 100°C, preferably about 100°C, 
for a time period between about 1 hour to about 3 
30 hours, preferably 2 hours. In reaction 2 of Scheme 4, 
the arylsulfonyl amino compound of formula VI wherein n 
is 1, 3, 4, 5 or 6 and R 16 is (C x -C 6 ) alkyl, benzyl, 
allyl or tert-butyl, is converted to the corresponding 
compound of formula XIII, wherein R 19 is (C^-Cg) al)cyl 
35 or tert-butyl, by reacting VI with a reactive 
derivativ of an alcohol of the formula 
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0 

R"- 0 -C-(CH 2 ) n -OH 
such as the chloride, bromide or iodide derivative, 
preferably the bromide derivative, wherein R 19 is (Cj- 
5 Cg) alkyl or tert-butyl, in the presence of a base such 
as potassium carbonate or sodium hydride, preferably 
sodium hydride, and a polar solvent, such as 
dime thy lformamide. The reaction is stirred, at room 
temperature, for a time period between about 60 minutes 

10 to about 48 hours, preferably about 18 hours. The R 1€ 
protecting group, of the compounds of formulas IV and 
VI, is chosen such that it may be selectively removed 
in the presence of and without loss of the R 19 
(c l~ c 6 )al]cvl or tert-butyl group, therefore, R 16 cannot 

15 be the same as R 19 . Removal of the R 16 protecting 
group from the compound of formula XIII to give the 
corresponding carboxylic acid of formula XIV, wherein n 
is 1 to 6, in reaction 3 of Scheme 4, is carried out 
under conditions appropriate for that particular R 16 

20 protecting group in use which will not affect the R 19 
(C^-Cg) alkyl or tert-butyl group* Such conditions 
include; (a) saponification where R 16 is (C^-Cg) alkyl 
and R 19 is tert-butyl, (b) hydrogenolysis where R 16 is 
benzyl and R 19 is tert-butyl or (C^-Cg) alkyl, (c) 

25 treatment with a strong acid such as trif luoroacetic 
acid or hydrochloric acid where R 16 is tert-butyl and 
R 19 is (C^-Cg) alkyl, or (d) treatment with 
tributyltinhydride and acetic acid in the presence of 
catalytic bis (triphenylphosphine) palladium (II) 

30 chloride where R 16 is allyl and R 19 is (C^-Cg) alkyl or 
tert-butyl. 

In reaction 4 of Scheme 4, the carboxylic 
acid of formula XIV is converted to the hydroxamic acid 
compound of formula XV, wherein n is 1 to 6, by 

3 5 treating XIV with 1 - ( 3 - dimethylaminopropyl ) - 3 - 

ethylcarbodiimide and l*hydroxybenztriazole in a polar 
solvent, such as dimethyl f rmamide, f llowed by the 
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addition of hydroxylamine to the reaction mixture after 
a time period between about 15 minutes to about 1 hour, 
preferably about 30 minutes. The hydroxylamine is 
preferably generated in situ from a salt form, such as 
5 hydroxylamine hydrochloride, in the presence of a base, 
such as N-methylmorpholine. Alternatively, a protected 
derivative of hydroxylamine or its salt form, where the 
hydroxyl group is protected as a tert-butyl, benzyl or 
allyl ether, may be used in the presence of 
10 (benzotriazol-l-yloxy) tris (dime thy lamino) phosphonium 
hexafluorophosphate and a base, such as li- 
me thy lmorpho line* Removal of the hydroxylamine 
protecting groups is carried out by hydrogenolysis for 
a benzyl protecting group or treatment with a strong 
15 acid, such as trif luoroacetic acid, for a tert-butyl 
protecting group. The allyl protecting group may be 
removed by treatment with tributyltinhydride and acetic 
acid in the presence of catalytic 

bis (triphenylphosphine) palladium (II) chloride. N,0- 
20 bis (4 •methoxybenzyl) hydroxylamine may also be used, 
when R 19 is (C^-Cg) alkyl, as the protected 
hydroxylamine derivative where deprotection is achieved 
using a mixture of methanesulf onic acid and 
trif luoroacetic acid. 
25 in reaction 5 of Scheme 4, the amide formula 

of formula XV is, if desired, converted to the 
corresponding carboxylic acid compound of formula XVI 
by (a) saponification where R 19 is lower alkyl or (b) 
treatment with a strong acid, such as trif luoroacetic 
30 acid or hydrochloric acid, where R 19 is tert-butyl. 

Pharmaceutical^ acceptable salts of the 
acidic compounds of the invention are salts formed with 
bases, namely cationic salts such as alkali and 
alkaline earth metal salts, such as sodium, lithium, 
3 5 potassium, calcium, magnesium, as well as ammonium 
salts, such as ammonium, t rime thy 1 -ammonium, 
diethylammonium, and tris- (hydroxymethyl) - 
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methylammonium salts. 

Similarly acid addition salts, such as of 
mineral acids, organic carboxylic and organic sulfonic 
acids e.g. hydrochloric acid, methane sulfonic acid, 
5 maleic acid, are also possible provided a basic group, 
such as pyridyl, constitutes part of the structure. 

The ability of the compounds of formula I or 
their pharmaceutical^ acceptable salts (hereinafter 
also referred to as the compounds of the present 
10 invention) to inhibit matrix metalloproteinases or the 
production of tumor necrosis factor (TNF) and, 
consequently, demonstrate their effectiveness for 
treating diseases characterized by matrix 
metalloproteinase or the production of tumor necrosis 
15 factor is shown by the following in vitro assay tests. 

Biological Assay 
Inhibition r>f wnmar. Collagenase (MMP-1) 
Human recombinant collagenase is activated 
with trypsin using the following ratio: 10 jig trypsin 
20 per 100 fig of collagenase. The trypsin and collagenase 
are incubated at room temperature for 10 minutes then a 
five fold excess {50 pg/10 fig trypsin) of soybean 
trypsin inhibitor is added. 

10 mM stock solutions of inhibitors are made 
25 up in dimethyl sulfoxide and then diluted using the 
following Scheme: 

10 mM > 120 fiM > 12 pM > 1.2 pM > 0.12 /iM 

Twenty- five microliters of each concentration 
is then added in triplicate to appropriate wells of a 

30 96 well microfluor plate. The final concentration of 
inhibitor will be a 1:4 dilution after addition of 
enzyme and substrate. Positive controls (enzyme, no 
inhibitor) are set up in wells D1-D6 and blanks (no 
enzyme, no inhibitors) are set in wells D7-D12. 

35 Collagenase is diluted to 400 ng/ml and 25 fil 

is then added to appropriate wells of the microfluor 
plate. Pinal concentration of collagenase in the assay 
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Substrate (DNP-Pro-Cha-Gly-Cye (Me) -His-Ala- 
Lys(NMA) -NH 2 ) is made as a 5 mM stock in dimethyl 
sulfoxide and then diluted to 20 fiH in assay buffer. 
5 The assay is initiated by the addition of 50 fil 

substrate per well of the microf luor plate to give a 
final concentration of 10 pM. 

Fluorescence readings (360 nM excitation, 460 
nm emission) were taken at time 0 and then at 20 minute 
10 intervals. The assay is conducted at room temperature 
with a typical assay time of 3 hours. 

Fluorescence vs time is then plotted for both 
the blank and collagenase containing samples (data from 
triplicate determinations is averaged) . A time point 
15 that provides a good signal (the blank) and that is on 
a linear part of the curve (usually around 120 minutes) 
is chosen to determine IC 50 values. The zero time is 
used as a blank for each compound at each concentration 
and these values are subtracted from the 120 minute 
20 data. Data is plotted as inhibitor concentration vs % 
control (inhibitor fluorescence divided by fluorescence 
of collagenase alone x 100). IC 50 's are determined 
from the concentration of inhibitor that gives a signal 
that is 50% of the control. 
25 if ICjq's are reported to be <0.03 then 

the inhibitors are assayed at concentrations of 0.3 jiM, 
0.03 fM, 0.03 fiM and 0.003 fiM. 

i nhibition of Gelatinas e CMMP-2) 
Inhibition of gelatinase activity is assayed 
30 using the Dnp-Pro-Cha-Gly-Cys (Me) -Bis-Ala-Lys (NMA) -NH 2 
substrate (10 fiM) under the same conditions as 
inhibition of human collagenase (MMP-1) . 

72kD gelatinase is activated with 1 mM APMA 
(p-aminophenyl mercuric acetate) for 15 hours at 4°C. 
35 and is diluted to give a final concentration in the 
assay of 100 mg/ml. Inhibitors are diluted as for 
inhibition of human collagenase (MMP-1) to give final 
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concentrations in the assay of 30 pM, 3 pM, 0*3 pM and 
0.03 pM. Each concentration is done in triplicate. 

Fluorescence readings (360 run excitation, 460 
emission) are taken at time zero and then at 20 minutes 
5 intervals for 4 hours. 

IC 50 's are determined as per inhibition of 
human collagenase (MMP-1) . If IC 50 's are reported to 
be less than 0.03 pM, then the inhibitors are assayed 
at final concentrations of 0*3 pM, 0.03 pM, 0.003 pM 
10 and 0.003 pM. 

Inhibition of Stromelvsin Activity (MMP-3) 

Inhibition of stromelysin activity is based 
on a modified spectrophotometry assay described by 
Weingarten and Peder (Weingarten, H. and Feder, J. , 
15 Spec tropho tome trie Assay for Vertebrate Collagenase, 

Anal. Biochem. 147, 437-440 (1985)). Hydrolysis of the 
thio peptolide substrate [Ac-Pro-Leu-Gly- 
SCH[CH 2 CH(CH 3 ) 2 ] CO-Leu-Gly-OC 2 H 5 ] yields a me reap tern 
fragment that can be monitored in the presence of 
20 Ellman's reagent. 

Human recombinant prostromelysin is activated 
with trypsin using a ratio of 1 pi of a 10 mg/ml 
trypsin stock per 26 pg of stromelysin. The trypsin 
and stromelysin are incubated at 37 °C. for 15 minutes 
25 followed by 10 pi of 10 mg/ml soybean trypsin inhibitor 
for 10 minutes at 37°C. to quench trypsin activity. 

Assays are conducted in a total volume of 250 
pi of assay buffer (200 mM sodium chloride, 50 mM MES, 
and 10 mM calcium chloride, pH 6.0) in 9 6 -well 
30 microliter plates. Activated stromelysin is diluted in 
assay buffer to 25 pg/ml. Ellman's reagent (3-Carboxy- 
4-nitrophenyl disulfide) is made as a 1M stock in 
dimethyl formamide and diluted to 5 mM in assay buffer 
with 50 pi per well yielding at 1 mM final 
35 concentration. 

10 mM stock solutions of inhibitors are made 
in dimethyl sulfoxide and diluted serially in assay 
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buff r such that additi n f 50 fiL to the appropriate 
wells yields final concentrations of 3 pM, 0.3 fM, 
0.003 pM, and 0.0003 /iM. All conditions are completed 
in triplicate. 

5 A 300 mM dimethyl sulfoxide stock solution of 

the peptide substrate is diluted to 15 mM in assay 
buffer and the assay is initiated by addition of 50 jil 
to each well to give a final concentration of 3 mM 
substrate. Blanks consist of the peptide substrate and 
10 Ellman' s reagent without the enzyme. Product formation 
was monitored at 405 nm with a Molecular Devices UVmax 
plate reader. 

IC 50 values were determined in the same 
manner as for collagenase. 
15 Inhibition of MMP-13 

Human recombinant MMP-13 is activated with 
2mM APMA (p-aminophenyl mercuric acetate) for 1.5 
hours, at 37 °C. and is diluted to 400 mg/ml in assay 
buffer (50 mM Tris, pH 7.5, 200 mM sodium chloride, 5mM 
20 calcium chloride, 20jxM zinc chloride, 0.02% brij). 

Twenty- five microliters of diluted enzyme is added per 
well of a 96 well microfluor plate. The enzyme is then 
diluted in a 1:4 ratio in the assay by the addition of 
inhibitor and substrate to give a final concentration 
25 in the assay of 100 mg/ml. 

10 mM stock solutions of inhibitors are made 
up in dimethyl sulfoxide and then diluted in assay 
buffer as per the inhibitor dilution scheme for 
inhibition of human collagenase (MMP-1) : Twenty-five 
30 microliters of each concentration is added in 
triplicate to the microfluor plate. The final 
concentrations in the assay are 30 ^M, 3 /iM, 0.3 and 
0.03 pM. 

Substrate (Dnp-Pro-Cha-Gly-Cys (Me) -His-Ala- 
35 Lys(NMA) -NH 2 ) is prepared as for inhibition of human 

collagenase (MMP-1) and 50 /il is added to each well to 
give a final assay concentration f 10 /zM. 
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Fluorescenc readings (360 nM excitation; 450 emission) 
are taken at time 0 and every 5 minutes for 1 hour. 

Positive controls consist of enzyme and 
substrate with no inhibitor and blanks consist of 
5 substrate only. 

XC 50 's are determined as per inhibition of 
human collagenase (MMP-1) . If IC 50 's are reported to 
be less than 0.03 pM, inhibitors are then assayed at 
final concentrations of 0.3 pM, 0.03 pM, 0.003 pM and 
10 0.0003 /iM. 

Inhibition of TNF Production 
The ability of the compounds or the 
pharmaceutical^ acceptable salts thereof to inhibit 
the production of TNF and, consequently, demonstrate 
5 their effectiveness for treating diseases involving the 
production of TNF is shown by the following in vitro 
assay: 

Human mononuclear cells were isolated from 
anti- coagulated human blood using a one-step Ficoll- 

10 hypaque separation technique. The mononuclear cells 

were washed three times in Hanks balanced salt solution 
(HBSS) with divalent cations and resuspended to a 
density of 2 x 10 6 /ml in HBSS containing 1% BSA. 
Differential counts determined using the Abbott Cell 

15 Dyn 3500 analyzer indicated that monocytes ranged from 
17 to 24% of the total cells in these preparations. 

180p of the cell suspension was aliquoted 
into flate bottom 96 well plates (Costar) . Additions 
of compounds and LPS (lOOng/ml final concentration) 

20 gave a final volume of 200/zl. All conditions were 

performed in triplicate. After a four hour incubation 
at 37 °C. in an humidified C0 2 incubator, plates were 
removed and centrifuged (10 minutes at approximately 
250 x g) and the sup e mat ante removed and assayed for 

25 TNFof using the R&D ELISA Kit. 

For admini strati n to humans for the 
inhibition of matrix metalloproteinases or the 



WO 96/27583 



PCT/US96/02679 



- 32 - 

production of tumor necrosis factor (TNF) , a variety of 
conventional r utes may be used including orally, 
parenterally and topically. In general, the active 
compound will be administered orally or parenterally at 
5 dosages between about 0.1 and 25 mg/kg body weight of 
the subject to be treated per day, preferably from 
about 0.3 to 5 mg/kg. However, some variation in 
doBage will necessarily occur depending on the 
condition of the subject being treated* The person 
10 responsible for administration will, in any event, 
determine the appropriate dose for the individual 
subject. 

The compounds of the present invention can be 
administered in a wide variety of different dosage 
15 forms, in general, the therapeutically effective 

compounds of this invention are present in such dosage 
forms at concentration levels ranging from about 5.0% 
to about 70% by weight. 

Por oral administration, tablets containing 
20 various excipients such as macrocrystalline cellulose, 
sodium citrate, calcium carbonate, dicalcium phosphate 
and glycine may be employed along with various 
disintegrants such as starch (and preferably corn, 
potato or tapioca starch) , alginic acid and certain 
25 complex silicates, together with granulation binders 
like polyvinylpyrrolidone, sucrose, gelation and 
acacia. Additionally, lubricating agents such as 
magnesium stearate, sodium lauryl sulfate and talc are 
often very useful for tabletting purposes. Solid 
30 compositions of a similar type may alBO be employed as 
fillers in gelatin capsules; preferred materials in 
this connection also include lactose or milk sugar as 
well as high molecular weight polyethylene glycols. 
When aqueous suspensions and/or elixirs are desired for 
35 oral administration, the active ingredient may be 

combined with various sweetening or flavoring agents, 
coloring matter r dyes, and, if so desired, 
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emulsifying and/ r suspending agents as well, together 
with such diluents as water, ethanol, propylene glycol, 
glycerin and various like combinations thereof. 

For parenteral administration (intramuscular, 
5 intraperitoneal, subcutaneous and intravenous use) a 

sterile injectable solution of the active ingredient is 
usually prepared. Solutions of a therapeutic compound 
of the present invention in either sesame or peanut oil 
or in aqueous propylene glycol may be employed. The 

10 aqueous solutions should be suitably adjusted and 
buffered, preferably at a pH of greater than 8, if 
necessary and the liquid diluent first rendered 
isotonic. These aqueous solutions are suitable 
intravenous injection purposes. The oily solutions are 

15 suitable for intraarticular, intramuscular and 

subcutaneous injection purposes. The preparation of 
all these solutions under sterile conditions is readily 
accomplished by standard pharmaceutical techniques well 
lenown to those skilled in the art. 

20 The present invention is illustrated by the 

following examples, but it is not limited to the 
details thereof. 

EXAMPLE 1 

2- (R) -N-Hvdroxv-2- f ( -methoxvbenzenesulf onvl) 
25 ( 2 -morpholin-4 - vl - 2 -oxo ethyl > amino! - 3 -me thvlbutvramide 
To a solution of D-valine benzyl ester 
hydrochloride (2.4 grams, 10 mmol) and trie thy lamine 
(2.5 grams, 3.5 mL, 25 mmol) in water (50 mL) and 1,4- 
dioxane (50 mL) is added 4 -methoxvbenzenesulf onyl 
30 chloride (2.3 grams, 11 mmol). The mixture was stirred 
at room temperature for 1 hour and then most of the 
solvent was removed by evaporation under vacuum. The 
mixture was diluted with ethyl acetate and was washed 
successively with dilute hydrochloric acid solution, 
35 water and brine. The organic solution was dried over 
magn sium sulfate and concentrated t 1 ave N- (4- 
m thoxybenzenesulfonyl) -D-valine benzyl ster as a 
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white solid, 3.6 grams (97%); m.p. 92-94°C. 

N- (4-Methoxybenz nesulf nyl) -D- valine benzyl 
ester (1.50 grams, 4.0 mmol) was added to a suspension 
of sodium hydride (0.1 grams, 4.2 mmol) in dry 
5 dimethyl formamide (20 mL) and, after 30 minutes, tert- 
butyl bromoacetate (0.8 mL, 4.2 mmol) was added. The 
resulting mixture was stirred overnight at room 
temperature and was then quenched by addition of 
saturated ammonium chloride solution (3 mL) . The 
10 dimethyl formamide was removed by evaporation under 

vacuum. The residue was taken up in ethyl acetate and 
washed with water and brine. After drying over 
magnesium sulfate, ethyl acetate was evaporated to 
leave an oil from which 2- (R) -2- [tert- 
15 butoxycarbonylmethyl < 4 -methoxybenzenesulf onyl) amino] - 3 - 
methylbutyric acid benzyl ester, a clear oil (1.92 
grams, 96%), was isolated using flash chromatography on 
silica gel eluting with 15% ethyl acetate in hexane. 

To a cold (0°C.) solution of 2- (R) -2- [tert- 
20 butoxycarbonylmethyl (4-methoxybenzenesulf onyl) amino] - 3 - 
methylbutyric acid benzyl ester (1.92 grams, 3.9 mmol) 
in methylene chloride (28 mL) was added trif luoroacetic 
acid (7 mL) . The resulting solution was allowed to 
warm to room temperature and was stirred overnight. 
25 The methylene chloride and trif luoroacetic acid were 
evaporated under vacuum leaving 2-(R)-2- 
[carboxymethyl (4 -methoxybenzenesulf onyl) amino) ] -3- 
methylbutyric acid benzyl ester as a clear oil, 1.70 
grams (100%) . 

30 To a solution of 2- (R) -2- [carboxymethyl (4- 

methoxybenzenesulf onyl) amino] -3 -methylbutyric acid 
benzyl ester (573 mg, 1.32 mmol) in methylene chloride 
(12 mL) were added sequentially triethylamine (0.46 mL, 
3.28 mmol), morpholine (0.127 mL, 1.46 mmol) and 

35 (benzotriazol-l-yloxy) tris (dime thy lamino) phosphonium 
hexafluorophosphate (646 mg, 1.46 mmol). The mixture 
was stirred at room temperature overnight and then 
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diluted with ethyl acetate* The solution was washed 
with 0.5 N hydrochloric acid solution and brine, dried 
over magnesium sulfate and concentrated under vacuum. 
The residue was chromatographed on silica gel using 40% 
5 ethyl acetate in hexane affording 2-(R)-2-[(4- 
methoxybenzenesulf onyl) (2-morpholin-4-yl- 
oxoe thy 1) amino] -3-methylbutyric acid benzyl ester as a 
clear oil, 590 mg (89%). 

To a solution of 2-(R)-2-[(4- 

10 methoxybenzenesulf onyl) { 2 -morpholin-4 -yl - 2 - 

oxoethyl) amino] - 3 -methylbutyr ic acid benzyl ester (590 
mg, 1.17 mmol) in ethanol (50 mL) was added 10% 
palladium on activated carbon (200 mg) . The mixture 
was agitated under 3 atmospheres hydrogen in a Parr 

15 shaker for 2 hours. The catalyst was removed by 

filtration through nylon (pore size 0.45 pm) and the 
solvent was evaporated leaving 2-(R)-2-[(4- 
me thoxybenzenesul f onyl ) ( 2 - morphol in -4-yl-2- 
oxoethyl) amino] -3-methylbutyric acid as a white foam, 

20 485 mg (100%) . 

To a solution of 2-(R)-2-[(4- 
methoxybenzenesulf onyl ) ( 2 -morpholin-4 -yl - 2 - 
oxoethyl) amino] -3-methylbutyric acid (485 mg r 1.17 
mmol) in methylene chloride (12 mL) were added 

25 sequentially triethylamine (0.52 mL/ 3.71 mmol), O- 

benzylhydroxylamine hydrochloride (205 mg, 1.28 mmol) 

and (benzotriazol-1- 

yloxy) tris (dimethylamino)phosphonium 

hexaf luorophosphate (570 mg, 1.29 mmol) . The mixture 
30 was stirred at room temperature overnight and then 

diluted with ethyl acetate. The solution was washed 
sequentially with 0.5 N hydrochloric acid solution, 
water, saturated sodium hydrogen carbonate solution and 
brine, dried over magnesium sulfate and concentrated 
35 under vacuum. The residue was chromatographed on 

silica gel using 20% hexane in ethyl acetate to afford 
2- (R) -N-benzyloxy-2- [ (4-meth xybenzenesulf onyl) (2- 
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morpholin- 4 -yl - 2 - xoe thyl ) amino] - 3 -me thylbutyramide as 
a white foam, 510 mg (84%) . 

To a solution of 2- (R) -N-benzyloxy-2- [ (4- 
me thoxybenzenesulf onyl ) (2 -morpholin- 4 -yl-2- 
5 oxoethyl) amino] -3 -me thylbutyramide (510 mg, 0.98 mmol) 
in methanol (50 mL) was added 5% palladium on activated 
carbon (120 mg) . The mixture was agitated under 2 
atmospheres hydrogen in a Parr shaker for 2 hours . 
The catalyst was removed by filtration through nylon 
10 (pore size 0.45 pm) and the solvent was evaporated 

leaving 2- (R) -N-hydroxy-2 - [ (-me thoxybenzenesulf onyl) (2- 
morpholin-4-yl-2-oxoethyl) amino] -3 -me thylbutyramide as 
a white solid, 418 mg (99%); X H NMR (CDCI3) : 6 10.3 
(br s, 1H) , 7.90 (br s, 1H, overlapped), 7.86 (d, J = 
15 8.8 Hz, 2H, overlapped), 6.94 (d, J = 8.8 Hz, 2H) , 4.39 
(d, J = 17.1 Hz, 1H), 4.09 (d, J « 17.1, 1H) , 3.84 (s, 
3H) , 3.80-3.48 (m, 9H) , 2.20-1.95 (m, 1H) , 0.82 (d, J = 
6.5 Hz, 3H), 0.45 (d, J = 6.5 Hz, 3H) ; MS (LSIMS) : m/z 
430 (M+H) . 
20 EXAMPLE 2 

2- (R) -K-Hvdroxv-2- [ (4 -me thoxybenzenesul f onvl) 
(3 -morpholin-4-vl-3 - oxonropyl) amino ! -3 - me thvlbutvr amide 

To a solution of N-(4- 
me thoxybenzenesulf onyl) -D- valine benzyl ester (2.2 
25 grams, 5.83 mmol) in dry dime thyl formamide (40 mL) were 
added cesium carbonate (2.3 grams, 7.1 mmol) and 1- 
iodo-3-butene (1.3 grams, 7.1 mmol). The mixture was 
stirred at room temperature overnight and was then 
poured into water. The mixture was extracted twice 
30 with ether and the combined ether extracts were washed 
with brine, dried over magnesium sulfate and 
concentrated under reduced pressure. The residue was 
taken up in 20% ethyl acetate/hexane; starting material 
N- (4-methoxybenzenesulf onyl) -D-valine benzyl ester 
35 (1.5 g) crystallized from the mixture and was recovered 
by filtration. The filtrate was concentrated under 
vacuum and the residue was chromat graphed on silica 
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gel using 20% ethyl aeetate/hexane as eluent to provide 
2- (R) -2- [but-3-enyl(4-methoxybenzenesulfonyl) amino] -3- 
methylbutyric acid benzyl ester as a clear oil, 
404 mg (16%) . 

To a mixture of 2- (R) -2- [but-3-enyl (4- 
methoxybenzenesulf onyl ) amino] - 3 -methylbutyric acid 
benzyl ester (780 mg, 1.81 mmol) and ruthenium (III) 
chloride hydrate (10 mg, 0.048 mmol) in acetonitrile (6 
mL) , carbon tetrachloride (6 mL) and water (8 mL) was 
added sodium periodate (1.7 grams, 7.9 mmol). After 
stirring at room temperature for 2 hours, the mixture 
was diluted with methylene chloride and filtered 
through diatomaceous earth. The organic layer was 
separated, washed with dilute hydrochloric acid 
solution and brine, dried over magnesium sulfate and 
concentrated to leave 2- (R) -2- [2 -carboxyethyl (4- 
methoxybenzenesulf onyl) amino] -3 -methylbutyric acid 
benzyl ester as an oil, 710 mg (87%) . 

Alternatively, the intermediate 2-(R)-2-[2- 
earboxyethyl (4-methoxybenzenesulf onyl) amino] -3- 
methylbutyric acid benzyl ester was prepared by the 
following higher yielding procedure: 

N- (4-Methoxybenzenesulfonyl) -D- valine benzyl 
ester (18.8 grams, 49.8 mmol) was added to a suspension 
of sodium hydride (1.3 grams, 54 mmol) in dry 
dimethylformamide (200 mL) and, after 1.5 hours, a 
solution of allyl bromide (4.7 mL, 54 mmol) was added. 
The resulting mixture was stirred overnight at room 
temperature and was then quenched by addition of 
saturated ammonium chloride solution. The 
dimethylformamide was removed by evaporation under 
vacuum. The residue was taken up in ether and washed 
with water and brine. After drying over magnesium 
sulfate, ether was evaporated to leave an oil from 
35 which 2- (R) -2- [ (4-methoxybenzenesulf onyl) prop-2- 

enylamino]-3-methylbutyric acid benzyl ester, a clear 
oil (18.1 grams, 87%), was isolated using flash 
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chromatography on silica gel eluting with 10% ethyl 
acetate in hexane and then 20% ethyl ace tat in hexane. 

To a 1 M solution of borane/disulf ide complex 
in methylene chloride (1.45 mL, 2.9 mmol) was added a 
solution of 2-(R)-2- [(4-methoxybenzenesulfonyl)prop-2- 
enylamino]-3-methylbutyric acid benzyl ester (3.6 
grams, 8.6 mmol) in methylene chloride (8 mL) . The 
solution was stirred at room temperature for 4 hourB at 
which time more 1 M solution of borane/disulf ide 
complex in methylene chloride (2.0 mL, 4.0 mmol) was 
added. The mixture was stirred at room temperature 
overnight and was then added dropwise to a mechanically 
stirred solution of chromium trioxide (5.1 grams, 51.6 
mole) in acetic acid (31 mL) and water (3.5 mL) while 
15 keeping the internal temperature between -5»C. and 

10 °C. After stirring at room temperature overnight, 
the mixture was diluted with water and extracted with 
methylene chloride. The extract was washed with brine, 
dried (magnesium sulfate) and concentrated. The 
residue was chromatographed on silica gel eluting 
successively with chloroform and 2% methanol in 
chloroform to afford 2- (R) -2- [2-carboxyethyl (4- 
methoxybenzenesulfonyl) amino] - 3 -methylbutyric acid 
benzyl as an oil (2.42 grams, 63%). 

To a solution of 2- (R) -2- [2-earboxyethyl (4- 
methoxybenzenesulfonyl) amino] -3 -methylbutyric acid 
benzyl ester (710 mg, 1.58 mmol) in methylene chloride 
(15 mL) were added sequentially triethylamine (0.47 mL, 
3.35 mmol), morpholine (0.15 mL, 1.72 mmol) and 
30 (benzotriazol-l-yloxy) trie (dimethylamino)phosphonium 
hexafluorophosphate (769 mg, 1.74 mmol). The mixture 
was stirred at room temperature overnight and then 
diluted with methylene chloride. The solution was 
washed with 0.5 N hydrochloric acid solution and brine, 
35 dried over magnesium sulfate and concentrated under 
vacuum. The solid residue was chromatographed on 
silica gel using 20% hexane in ethyl ac tate affording 



20 



25 



WO 96/27583 



PCT/US96/02679 



- 39 - 

2- (R) -2- [ (4-methoxyb nzenesulf onyl) ( 3 -morpholin- 4 -yl - 3 - 
oxopropyl) amino] -3-methylbutyric acid benzyl ester as a 
clear oil, 725 mg (86%) . 

To a solution of 2-(R)-2-[(4- 
5 methoxybenzenesulfonyl) ( 3 -morpholin- 4 -yl - 3 - 

oxopropyl) amino] -3-methylbutyric acid benzyl ester (725 
mg, 1.40 mmol) in ethanol (35 mL) was added 10% 
palladium on activated carbon (50 mg) . The mixture was 
agitated under 3 atmospheres hydrogen in a Parr shaker 
10 for 3 hours. The catalyst was removed by filtration 
through nylon (pore size 0.45 pm) and the solvent was 
evaporated leaving 2- (R) - (2) - [ (4- 
me thoxybenzenesul f onyl ) ( 3 -morpholin - 4 -yl - 3 - 
oxopropyl) amino] -3 -methyl -butyric acid as a white 
15 solid, 540 mg (90%) . 

To a solution of 2-<R)-2-[(4- 
me thoxybenzenesul f onyl) ( 3 -morpholin-4 -yl - 3 - 
oxopropyl) amino] -3-methylbutyric acid (540 mg, 1.26 
mmol) and 1-hydroxybenztriazole hydrate (205 mg, 1.33 
20 mmol) in dry dime thy lformamide (12 mL) was added 1- (3- 
dimethylaminopropyl) -3-ethylcarbodiimide hydrochloride 
(289 mg, 1.51 mmol) • After stirring for 30 minutes, 
hydroxylamine hydrochloride (350 mg, 5.04 mmol) and 
then triethylamine (1.0 mL, 7.17 mmol) were added. 
25 The mixture was stirred at room temperature overnight 
and then diluted with ethyl acetate* The solution was 
washed sequentially with water, 0.5 N hydrochloric acid 
solution and brine. The solution was then dried over 
magnesium sulfate and concentrated under vacuum to 
30 leave a white foam. The material was dissolved in 

toluene, filtered and concentrated. The residue was 
triturated with ether to afford 2- (R) -N-hydroxy-2 [ (4- 
methoxybenzenesulf onyl) (3 -morpholin-4 -yl- 3 - 
oxopropyl ) amino] -3 -methylbutyramide as a solid, 200 mg 
35 (36%); X H NMR (CDCI3) : 6 9.35 (br e, 1H) , 7.73 (d, J * 
8.9 Hz, 2H), 6.95 (d, J « 8.9 Hz, 2H) , 3.86 (s, 3H) , 
3.83-3.73 (m, 1H) , 3.70-3.52 (m, 7H) , 3.46-3.43 (m, 
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2H) , 3.41-3.29 (m, 1H) , 2.92-2,69 (m, 2H) , 2,30-2.17 
<m, 1H) , 0.84 <d, J ■ 6.5 Hz, 3H) f 0.41 (d, J « 6.5 Hz, 
3H) ; MS (particle beam): m/z 444 (M+H) , 428, 383, 329; 
HRMS calculated for C 19 H 30 N 3 O 7 S (M+H): 444.1804, 
5 Pound: 464.1818. 

The title compounds of Examples 3-6 were 
prepared by a method analogous to that described in 
Example 2 using 2- (R) - 2- [2-carboxyethyl (4- 
methoxybenzenesulfonyl) amino] -3-methylbutyric acid 
10 benzyl ester as the starting material which is coupled 
with the amine indicated. 

EXAMPLE 3 

2- (R) -2- T (2-Benzvlcarbamovlethvl) (4- 
methoxvbenzenesulf onvl) -w-hvdroxv-3- 
15 me thvlb" * 

Coupled with benzylamine; X H NMR (DMSO-d 6 ) : 
6 10.72 (s, 1H), 8.89 (s, 1H) , 8.39 {m, 1H) , 7.74 (d, J 
= 9.0 Hz, 2H) f 7.32-7.21 (m, 5H) , 7.05 (d, J = 9.0 Hz, 
2H), 4.21 (d, J * 5.9 Hz, 2H) , 4.02-3.87 (m, 1H) , 3.82 
20 (s, 3H), 3.63 (d, J - 10.8 Hz, 1H) , 3.29-3.17 (m, 1H) , 
2.71-2.57 (m, 1H) , 2.52-2.40 (m, 1H> , 2.06-1.94 (m, 
1H) , 0.77 (d, J = 6.6 Hz, 3H) , 0.74 (d, J * 6.5 Hz, 
3H) ; MS (LSIMS) : m/z 464 (M+H) ; HRMS calculated for 
C 22 H 30 N 3°6 S (M+H) : 464 - 1855 - *oundi 464.1832. 
25 EXAMPLE 4 

2- (R) -N-Hvdroxv-2- ( (4-methoxvbenzenesul f onvl) 
(2- T (pyridin-3-vlmethvl) ^arhnmnyll ethvl) affl ^ ft ) 

methvlb "*"^*™'* fl* 

Coupled with 3-pyridylmethylamine: X H NMR 

30 (DMSO-d 6 ): 6 10.72 (s, 1H) , B.89 (s, 1H) , 8.49-8.42 
(m, 3H), 7.73 (d, J = 8.9 Hz, 2H) , 7.63-7.60 (m, 1H) , 
7.32 (dd, J = 4.8, 7.8 Hz, 1H) , 7.05 (d, J «= 8.9 Hz, 
2H), 4.23 (d, J = 5.8 Hz, 2H) , 4.00-3.88 (m, 1H) , 3.81 
(s, 3H), 3.62 (d, J * 10.8 Hz, 1H) , 3.27-3.17 (m, 1H) , 

35 2.69-2.58 (m, 1H) , 2.52-2.41 (m, 1H) , 2.07-1.94 (m, 
1H) , 0.76 (d, J = 6.5 Hz, 3H) , 0.72 (d, J * 6.4 Hz, 
3H) ; MS (LSIMS) : m/z 465 (M+H) . 
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1- (Rl -N-Hvdroxv-2- ( K -methoxvbenzeneaulfonvll 
T2- (methvlPvridin-3-vlmethvlca rhamovl) ethvll amino) -3- 
methvlbutv" "™j 

5 Coupled with 3- <N-me thylaminome thy 1) pyridine: 

X H NMR (DMSO-dg) : 6 10.75 (br s, 1H) , 8.92 (s, 1H) , 
8.52-B.29 (m, 2H) , 7.75 <d, J = 8.8 Hz, 1.4 H) , 7.67 
(d, J *= 8.8 Hz, 0.6 H) , 7.62-7.58 <m, 1H> , 7.42-7.32 
(m, 1H) , 7.06 <d, J « 8.8 Hz, 1.4 H) , 7.01 (d, J = 8.8 

10 Hz, 0.6 H) , 4.55-4.41 (m, 2H) , 3.94-3.82 (m, 1H) , 3.81 
(s, 2.1 H) , 3.80 (B, 0.9 H), 3.68-3.60 <m, 1H) , 3.33- 
3.19 <m, 1H), 2.90-2.50 <m, 2H) , 2.88 (s, 2.1 H 
overlapped), 2.79 (s, 0.9 H), 2.05-1.80 <m, 1H) , 
0.79-0.63 (m, 6H) : MS (thermospray) : m/z 479 

15 (M+H), 364. 

EXAMPLE 6 
4- C3- f (1- (R) -1 -Hydroxy s ^'"""Y 1 
methvlpropvl) <4-meth03Cvbenzenesu lf onvl) ^^"^1 p^"p4 nnyl) 
pjperazine-l-carboaevlic acid, te rt-butvl ester 
20 Coupled with tert-butyl-1- 

piperazinecarboxylate: ^H NMR (DMSO-d 6 ) : 6 10.77 (br 
s, 1H), 8.93 (b, 1H), 7.74 (d, J = 8.9 Hz, 2H) , 7.06 
(d, J = 8.9 Hz, 2H) , 3.90-3.80 (m, 1H) , 3.82 (s, 3H, 
overlapped), 3.64 {d, J = 10.8 Hz, 1H) , 3.60-3.16 (m, 
25 9H), 2.80-2.71 (m, 1H) , 2.59-2.47 <m, 1H) , 2.03-1.91 
<m, 1H), 1.39 (s, 9H), 0.77 (d, J = 6.5 Hz, 3H) , 0.71 
(d, J = 6.5, 3H) ; MS (thermoBpray) : m/z 543 (M+H), 
443, 382, 328. 

EXAMPLE 7 

30 2- (R) -N-Hvdroxv-2- f (4-methoxvbenz eneBulf onvl) 

(3-oxo-3-piperazin-l-vlpropvl) ami no! -3-methvlbutvramide 
hvdrocholoride 

A solution of 4- (3- [(l-W-l- 
hydroxycarbamoyl - 2 -me thylpropyl ) (4 - 

35 methoxybenzeneaulfonyl) amino] propionyl)piperazine-l- 
carboxylic acid, tert-butylester [Example 6] (430 mg, 
0.79 mmol) in methylene chloride (11 mL) was cooled to 
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0°C. Hydrogen chloride gas was then bubbled through 
the soluti n for ab ut 0.5 minute. The solution was 
allowed to warm to room temperature with stirring over 
1 hour . Volatiles were removed by evaporation and the 
5 residue was filtered washing with methylene chloride to 
collect solid 2- (R) -N-hydroxy-2 - [ (4- 
me thoxybenzenesul f onyl ) ( 3 - oxo - 3 -piperazin- 1 - 
ylpropyl) amino] -3-methylbutyramide hydrochloride, 375 
mg (99%). X H NMR (DMSO-d 6 ) : 6 10.78 (br s, IE), 9.16 

10 {br s, 1H) , 7.74 (d f J * 8.8 Hz, 2H) , 7.07 (d, J = 8.9 
Hz, 2H), 3.82 (8, 3H), 3.62 (br s, 4H) , 3.3B-3.18 (m, 
1H) , 3.16-3.07 (br s, 2H) , 3.07-2.98 (br s, 2H) # 2.83- 
2.73 <m, 1H) , 2.65-2.53 (m, 1H) , 2.06-1.90 (m, 1H) , 
0.76 (d, J = 6.5 Hz, 3H) , 0.72 (d, J = 6.5 Hz, 3H) . A 

15 broad water peak between 6 4.0 and 3.5 obscured some 

signals from this compound; HS (thermospray) : m/z 443 
(M+H) , 382, 328. 

EXAMPLE 8 
2- (R) -2- [ (Benzvlcarbamovlmethvl) (4- 
20 methoxvbenzenesulf onvl) amino] -N- hydroxy- 3 -methyl - 
butvramide 

To a solution of 2- (R) -2- [carboxymethyl (4- 
methoxybenzenesulf onyl) amino] -3-methylbutyric acid 
benzyl ester (example 1) (905 mg, 2.08 nnnol) in 

25 methylene chloride (18 mL) were added sequentially 

triethylamine (0.72 mL, 5.14 mmol) , benzyl amine (0*25 
mL, 2.29 nnnol) and (benzotriazol-1- 
yloxy) trie (dimethyl amino) phosphonium hexaf luoro- 
phosphate (1.01 grams, 2.28 mmol). The mixture was 

30 stirred at room temperature overnight and then diluted 
with ethyl acetate. The solution was washed with 0.5 N 
hydrochloric acid solution and brine, dried over 
magnesium sulfate and concentrated under vacuum. The 
residue was chroma tographed on silica gel using a 

35 2:5:16 ratio of methylene chloride/ethyl acetate/hexane 
affording 2- (R) -2- [ (benzylcarbamoylmethyl) (4- 
methoxybenzenesulf onyl) amino] -3-methylbutyric acid 
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benzyl ester as a clear oil, 933 mg (86%) . 

To a solution of 2-(R)-2- 
[ (benzylcarbamoylmethyl) (4-methoxybenzenesulf onyl) - 
amino] -3-methylbutyric acid benzyl ester (933 mg, 1.17 
5 xnmol) in ethanol (50 mL) was added 10% palladium on 
activated carbon (85 mg) . The mixture was agitated 
under 3 atmospheres hydrogen in a Parr shaker for 4 
hours. The catalyst was removed by filtration through 
nylon (pore size 0.45 pm) and the solvent was 
10 evaporated leaving 2- (R) -2- [ (benzylcarbamoylmethyl) (4- 
methoxybenzenesulf onyl) amino] -3-methylbutyric acid as a 
white foam, 755 mg (98%) . 

To a solution of 2-(R)-2- 
[ (benzylcarbamoylmethyl) (4- 
15 methoxybenzenesulf onyl) amino] -3-methylbutyric acid (655 
mg, 1.51 nnnol) and 1-hydroxybenztriazole hydrate (224 
mg, 1.46 mmol) in dry dime thy Iformamide (15 mL) was 
added 1- (3-dimethylaminopropyl) -3-ethylcarbodiimide 
hydrochloride (316 mg, 1.65 znaol) . After stirring for 
20 30 minutes, hydroxylamine hydrochloride (416 mg, 6.0 
mmol) and then N-methylmorpholine (0.99 mL, 9.0 mmol) 
were added. The mixture was stirred at room 
temperature overnight and then diluted with ethyl 
acetate. The solution was washed sequentially with 
25 water, 0.5 N hydrochloric acid solution and brine. The 
solution was then dried over magnesium sulfate and 
concentrated under vacuum to leave a white foam which 
was chromatographed on silica gel eluting with ethyl 
acetate to afford 2- (R) -2- [ (benzylcarbamoylmethyl) (4- 
30 methoxybenzene-sulf onyl) amino] -N-hydroxy-3- 

methylbutyramide as a white foam, 570 mg (84%) ; 1 H NMR 
(DMSO-dg) : 6 10.75 (br s, 1H) , 8.90 (s, 1H) , 8.47 (m, 
1H) , 7.85 (d, J « 8.9 Bz, 2H) , 7.83*7.19 (m, 5H) , 7.04 
(d, J = 8.9 Hz, 2H) , 4.37 (d, J «= 11.4 Hz, 1H) , 4.28 
35 (d, J «= 5.9 Hz, 2H) , 3.89 (d, J «= 11.4 Hz, 1H) , 3.82 

(s, 3H), 3.45 (d, J « 10.3 Hz, 1H) , 1.90-1.79 (m, 1H) , 
0.73 (d, J » 6.3 Hz, 6H) ; MS (LSIMS) : m/z 450 (M+H) . 



WO 96/27583 



PCT/US96/02679 



- 44 - 
EXAMPLE 9 

2 - (R) -2 - f (Benzvlmethvlcarbamov 't»»«->iY' ! H A - 
mathoxvbenzen ««mlf onvl) amino! -N-hvdroxv-3- 

methvlbutY r*™' 8 H< * 
5 To a solution of 2- (R) -2- [carboxymethyl (4- 

methoxybenzenesulfonyl) amino] -3-methylbutyric acid 
benzyl ester (Example 1) (1.05 grams, 2.41 mmol) in 
methylene chloride (20 mL) were added sequentially 
tri ethyl amine (0.B4 mL, 6.0 mmol), N-benzylmethylamine 
10 (0.34 mL, 2.63 mmol) and (benzotriazol-1- 
yloxy) tris (dimethylamino)phosphonium 
hexafluorophosphate (1.17 grams, 2.69 mmol). The 
mixture was stirred at room temperature overnight and 
then diluted with ethyl acetate. The solution was 
15 washed with 0.5 N hydrochloric acid solution and brine, 
dried over magnesium sulfate and concentrated under 
vacuum. The residue was chroma tographed on silica gel 
using 35% ethyl acetate in hexane (plus a small amount 
of methylene chloride to load the sample on the column) 
20 affording 2- (R) -2- [benzylmethylcarbamoylmethyl) (4- 
methoxybenzenesulfonyl) amino] -3-methylbutyric acid 
benzyl ester as a clear oil, 1.14 grams (88%) . 

To a solution of 2-(R)-2- 
[(benzylmethylcarbamoylmethyl) (4- 
25 me thoxybenzenesulfonyl) amino] -3-methylbutyric acid 

benzyl ester (1.14 grams, 2.12 mmol) in ethanol (100 
mL) was added 10% palladium on activated carbon (400 
mg) . The mixture was agitated under 3 atmospheres 
hydrogen in a Parr shaker for 3 hours. The catalyst 
30 was removed by filtration through nylon (pore size 0.45 
pm) and the solvent was evaporated leaving 2-(R)-2- 
l (benzylmethylcarbamoylmethyl) (4- 

methoxybenzenesulfonyl) amino] -3-methylbutyric acid as a 
white foam, 902 mg (95%). 
35 To a solution of 2-(R)-2- 

[(b nzylmethylcarbamoylmethyl) (4- 

me thoxybenzenesulfonyl) amino] -3-methylbutyric acid (902 
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mg, 2.01 mmol) in methylene chloride (20 mL) w re add d 
sequentially triethylamin (0.90 mL, 6.42 mmol), O- 
allylhydroxylamine hydrochloride (242 mg, 2.21 mmol) 
and (benzotriazol-l-yloxy) trie- 
5 ( dime thy 1 amino )phosphonium hexaf luorophosphate (978 mg, 
2.21 mmol)* The mixture was stirred at room 
temperature overnight and then diluted with ethyl 
acetate. The solution was washed with 0.5 N 
hydrochloric acid solution and brine, dried over 
10 magnesium sulfate and concentrated under vacuum. The 
residue was chroma tographed on silica gel using 40% 
hexane in ethyl acetate to afford 2- (R) -N-allyloxy-2- 
I (benzylmethylcarbamoylmethyl) (4-methoxy- 
benzenesulfonyl) amino] -3 -me thy Ibutyr amide as an oil, 
15 1.008 grams (100%). 

To a solution of 2- (R) -N-allyloxy-2- 
[ (benzylmethyl-carbamoylmethyl) (4- 

methoxybenzenesulfonyl) amino] - 3 -methylbutyramide (500 
mg, 0.99 mmol) in methylene chloride (40 mL) was added 
20 bis (triphenylphosphine) palladium (II) chloride (280 mg, 
0.4 mmol) and then, dropwiee, tributyltinhydride (0.43 
mL, 2.2 mmol) • The solution was stirred at room 
temperature for 1 hour, diluted with methylene 
chloride, washed with 1 N hydrochloric acid solution, 
25 dried over magnesium sulfate and concentrated. The 
residue was taken up in ethyl acetate and filtered to 
remove a solid. After concentration, the filtrate was 
chroma tographed on silica gel eluting with chloroform 
and then 2% methanol in chloroform to afford 2-(R)-2- 
30 [(benzylmethylcarbamoylmethyl) (4-methoxybenzene- 

sulf onyl) amino] -N-hydroxy-3 -methylbutyramide as a white 
solid (340 mg, 74%). X H NMR (DMSO-dg) : 6 10.66 (br s, 
1H) , 8.87 (br s, 0.6 H) , 8.84 (s, 0.4 H) , 7.91 (d, J « 
8.9 Hz, 1.2 H) , 7.78 (d, J « 8.9 Hz, 0.8 H) , 7.43-7.21 
35 (m, 5H), 7.05 (d, J - 8.9 Hz, 1.2 H) , 7.00 (d, J = 8.9 
Hz, 0.8 H) 4.72 (d, J « 17.7 Hz, 0.4 H) , 4.70 (d, J «= 
17.7 Hz, 0.6 H) , 4.59-4.42 (m, 1H) , 4.25 (d, J = 17.8 
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Hz, 0.6H), 4.07 (d, J « 17.7 Hz, 0.4H), 3.82 (s, 3H) , 
3.46-3.40 (m, 1H) , 2.91 (s, 1.8H), 2.83 (B, 1.2 H) , 
1.92-1.70 (m, 1H) , 0.75-0.69 (m, 6H> ; MS (thermoepray) : 
m/z 464 (M+H) , 307, 239. 
5 The title compounds of Examples 10-11 were 

prepared by a method analogous to that described in 
Example 9 using 2- (R) -2- [carboxymethyl (4- 
methoxybenzeneBulfonyl) amino] -3-methylbutyric acid 
benzyl ester (Example 1) as the starting material which 
10 is coupled with the amine indicated. 

EXAMPLE 10 
o- (P) -M-Hvdroxv-2- ( f4- 
methoxvbenzeneeu lgonvll - f f2 -morpholin-4- 
y} afchvlearbamavl ) methy l 1 amino) - 3 -methvlbutvramide 
15 Coupled with 4- (2-aminoethyl)morpholine: l H 

HMR (DMSO-dg) : 6 10.74 (br s, 1H) , 8.90 (br s, 1H) , 
7.84 (br s, 1H, overlapped), 7.84 (d, J = 8.8 Hz, 2H) , 
7.06 (d. J = 8.8 Hz, 2H) , 4.33 (d. J = 17.5 Hz, 1H) , 
3.83 (s. 3H), 3.78 (d, J = 17.5 Hz, 1H) , 3.57-3.54 
20 (m, 4H), 3.49 (d, J = 10.2 Hz, 1H) , 3.28-3.06 (m, 2H) , 
2.34-2.30 (m, 6H) , 1.93-1.77 (m, 1H) , 0.77-0.74 
(m, 6H) . 

EXAMPLE 11 
y. f») -M-P y4fQ3CV-2 - f (4- 
25 «efchoxvben »»nagulf ory 1 * <2 -oxo-2 -ovrrolidin-l - 
Y 1 ifchvl) -™^o1 -3-mathylbutvramlde 

Coupled with pyrrolidine: X H HMR (CD3OD) : 6 
7.90 (d, J - 8.9 Hz, 2H), 7.04 (d, J - 8.9 Hz, 2H) , 
4.50 (d, J - 17.6 Hz, 1H), 4.15 (d. J = 17.6 Hz, 1H) , 
30 3.87 (s, 3H>, 3.56-3.39 (m. 5H) . 2.07-1.82 (m, 5H) , 

0.83 (d, J = 6.6 Hz, 3H), 0.73 (d, J = 6.6 Hz, 3H) ; MS 
(thermospray) : m/z 414 (M+l) ; HEMS calculated for 
C 18 H 28 M 3 0 6 S (M+H): 414.1699. Pound 414.1703. 
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EXAMPLE 12 

2- [Dimethvlcarb ^^Y^^ thvl < 4 ~ 
methoxvbenzenesulf onvl) amino] -N-hvdroxv- 3 -methyl - 
butvramide 

5 A solution of 2- (R) -2- [carboxymethyl (4- 

methoxybenzenesulf onyl) amino] -3 -methylbutyric acid 
benzyl ester (Example 1) (1.89 grams, 4.34 mmol) in 
thionyl chloride (25 mL) was heated at reflux for 1 
hour. After cooling, the excess thionyl chloride was 

10 evaporated. The residue was taken up in methylene 

chloride {50 mL) and the solution was cooled in an ice 
bath. Dimethylamine gas was slowly bubbled through the 
solution for 1 hour. After evaporation of the solvent, 
the residue was taken up in ethyl acetate, washed with 

15 IN hydrochloric acid solution, water and brine, dried 
over magnesium sulfate and concentrated to leave 
dimethylcarbamoylmethyl (4-methoxybenzenesulf onyl) amino - 
3 -methylbutyric acid benzyl ester as an oil, 1.77 grams 
(88%) . 

20 To a solution of dimethylcarbamoylmethyl (4- 

methoxybenzenesulf onyl) amino- 3 -methylbutyric acid 
benzyl ester (1.77 grams, 3.83 mmol) in ethanol (100 
mL) was added 10% palladium on activated carbon (644 
mg) . The mixture was agitated under 3 atmospheres 

25 hydrogen in a Parr shaker for 1.5 hours. The catalyst 
was removed by filtration through nylon (pore size 0.45 
fim) and the solvent was evaporated leaving dimethyl- 
carbamoylmethyl (4-methoxybenzenesulf onyl) amino- 3- 
methylbutyric acid as a white foam, 1.42 grams (100%). 

3 0 To a solution of dimethylcarbamoylmethyl (4 - 

methoxybenzenesulf onyl) amino- 3 -methylbutyric acid (1 . 42 
grams, 3.81 mmol) and 1-hydroxybenztriazole hydrate 
(687 mg, 4.48 mmol) in dry dimethylf ormamide (7 mL) was 
added 1- (3-dimethylaminopropyl) -3 -ethylcarbodiimide 

35 hydrochloride (974 mg, 5.08 mmol). After stirring for 
30 minutes, hydr xylamine hydrochloride (1.17 grams, 
16.8 mmol) and then N-methylmorpholine (2.8 mL, 25.5 
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mmol) were added. The mixture was stirred at room 
temperature overnight and then concentrated tinder 
vacuum* The residue was taken up in ethyl acetate and 
the resulting solution was washed sequentially with 
5 water, 0.5 N hydrochloric acid solution and brine. The 
solution was then dried over magnesium sulfate and 
concentrated under vacuum to leave an oil which was 
chromatographed on silica gel eluting successively with 
ethyl acetate, 5% methanol in chloroform and 10% 

10 methanol in chloroform to afford 2- [dimethyl - 

carbamoylmethyl (4-methoxybenzenesulf onyl) amino] -N- 
hydroxy-3-methylbutyramide as a white solid, 390 mg 
(26%). X H NMR (DMS0-d 6 ): 6 10.70 (br s, 1H) , 8.89 (s, 
1H) , 7.80 <d, J « 8.9 Hz, 2H) , 7.10 (d, J = 8.9 Hz, 

15 2H), 4.62 (d, J * 17.7 Hz, 1H) , 4.14 (d, J = 17.7 Hz, 
1H), 3.84 (s, 3H), 3.40 (d, J = 10.4 Hz, 1H) , 2.97 (s, 
3H), 2.82 (s, 3H), 1.88-1.72 (m, 1H) , 0.72 (d, J = 6.5 
Hz, 6H) ; MS (thermospray) : m/z 388 (M+l) ; HRMS 
calculated for C 16 H 26 N 3 0 6 S (M+H) : 388.1542 Found: 

20 388.1592. 

EXAMPLE 13 
2-fR) -2-N-Hvdroxv-2- f (4- 
methoxvbenzcnesulf onvl) ( [ (pvridin-3- 
vlmethvl) carbamoyl 1 me thvl) amino) -3-methvlbutvramide 
25 2- (R) -N-Hydroxy-2- ( (4- 

methoxybenzenesulfonyl) ( [(pyridin-3- 

ylmethyl) carbamoyl] methyl) amino) -3 -methylbutyramide was 
prepared by a procedure similar to that of Example 12 
starting with 2- (R) -2- [carboxymethyl (4- 

3 0 methoxybenzenesulf onyl) amino] -3 -methylbutyric acid 
benzyl ester (Example 1) and coupling this to 3- 
pyridylmethylamine via the acid chloride. ^H NMR 
(CD 3 0D) : 5 8.55-8.53 (m, 1H) , 8.43-8.40 (m, 1H) , 7.90- 
7.82 (m, 1H, overlapped), 7.86 (d, J = 8.9 Hz, 2H) , 

35 7.40 (dd, J « 4.8, 7.8 Hz, 1H) , 7.04 (d, J - 8.9 Hz, 
2H), 4.50 (d, J « 17.5 Hz, 1H) , 4.39 (d, J « 17.5 Hz, 
1H) , 4.32 (d, J * 17.7 Hz, 1H) , 4.02 (d, J * 17.7 Hz, 
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1H) , 3-87 (s, 3H) , 3.60 (d, J « 10.3 Hz, 1H) , 2.08-1.93 
(m, 1H), 0.85 <d, J * 6.5 Hz, 3H) , 0.70 (d, J = 6.5 Hz, 
3H) ; MS (thermospray) : m/z 451 (M+H) , 336, 320. 

EXAMPLE 14 

5 y-Hvdroxv- r (4-methoxvbenzenesulf onvl) (2- 

morpholin-4-vl-2 -oxoethvl) amino] ac«n-»™-i *~ 

To a solution of iminoacetic acid disodium 
salt monohydrate (5.0 grams, 25.6 mmol) in dioxane (50 
ml) and water (50 ml) was added trie thy lamine (5.3 ml, 

10 3 8 mmol) followed by 4-methoxybenzenesulf onyl chloride 
(5.8 grams, 28.0 mmol). The mixture was stirred 
overnight at room temperature and diluted with 
methylene chloride. The solution was washed with 1 N 
hydrochloric acid solution, water and brine, dried over 

15 magnesium sulfate and concentrated under vacuum leaving 
[carboxymethyl (4-methoxybenzenesulf onyl) amino] acetic 
acid as a white solid, 3.83 grams (49%). 

[Carboxymethyl (4- 
methoxybenzenesulf onyl) amino] acetic acid (0.5 grams, 

20 1.65 mmol) in acetic anhydride (15 mL) was dissolved in 
acetic anhydride by gentle warming. The resulting 
solution was stirred at room temperature overnight. 
The acetic anhydride was removed by evaporation under 
vacuum; the residue was dissolved in methylene chloride 

25 and morpholine (0.16 mL, 1.82 mmol) was added. The 

mixture was stirred overnight at room temperature and 
then concentrated under vacuum. The residue was 
dissolved in ethyl acetate, washed with 1 N 
hydrochloric acid solution, water and brine, dried over 

30 magnesium sulfate and concentrated to afford [(4* 
methoxybenzenesulf onyl) (2-morpholin-4-yl-2- 
oxoe thy 1) amino] acetic acid as an oil, 0.33 gramB (54%). 

To a solution of [(4- 
methoxybenzenesulf onyl) (2 -morpholin-4-yl-2 -oxoethyl) - 

35 amino] acetic acid (0.33 grams, 0.89 mmol) in methylene 
chloride (10 mL) were added sequentially trie thy lamine 
(0.43 mL, 3*1 mmol), O-benzylhydroxy lamine 
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hydrochloride (0.15 grams, 0.94 nnnol) and 
(benzotriazol-l-yloxy) trie (dimethylamino)phosphonium 
hexaf luorophosphate (0.43 grams , 0.97 mmol) . The 
mixture was stirred at room temperature overnight and 
5 then diluted with ethyl acetate. The solution was 
washed sequentially with 0.5 N hydrochloric acid 
solution, water and brine, dried over magnesium sulfate 
and concentrated under vacuum. The residue was 
chromatographed on silica gel using ethyl acetate to 
10 afford N-benzyloxy- [ (4-methoxybenzenesulfonyl) (2- 

morpholin-4-yl-2-oxoethyl) amino] acet amide as a white 
solid, 0.33 grams (78%). 

To a solution of N-benzyloxy- [ (4- 
methoxybenzenesulf onyl ) ( 2 -morpholin- 4 -y 1 - 2 - 
15 oxoethyl) amino] acetamide (0.33 grams, 0.69 mmol) in 
methanol (35 mL) was added 5% palladium on activated 
carbon (85 mg) . The mixture was agitated under 2 
atmospheres hydrogen in a Parr shaker for 1.5 hours. 
The catalyst was removed by filtration through nylon 
20 (pore size 0.45 fim) and the solvent was evaporated. 

The residue was chromatographed on silica gel eluting 
with 5% methanol in methylene chloride to afford li- 
me thoxy- [(4-methoxybenzenesulfonyl) ( 2 -morpholin- 4 -yl - 2 - 
oxoethyl) amino) acetamide as a white solid, 65 mg (24%); 
25 X H NMR (CD 3 0D) : 6 7*82 (d, J = 9.0 Hz, 2H) , 7.08 (d, 
J « 9.0 Hz, 2H), 4.24 (s, 2H) , 3.88 (s, 3H) , 3.84 (s, 
2H), 3.68-3.64 (m, 4H) , 3.58-3.50 (m, 4H) ; MS 
(thermospray) : m/z 388 (M+l) , 387 (M) ; HRMS calculated 
for C 1 6H 22 N 3 0 7 S (M+H) : 388.1178, Pound 338.1180. 
3 0 The title compounds of Examples 15-16 were 

prepared by a method analogous to that described in 
Example 14 using [carboxymethyl (4- 
methoxybenzenesulf onyl) amino] acetic acid as the 
starting material which, after treatment with acetic 
35 anhydride, is coupled with the amine indicated. 
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EXAMPLE 15 

N-Hvdroxv- rt4-methoxv *>»Ti«g«»Ti« »Bulfonvl] (2-oxo- 
2-pvrrolidin-l-vlethvl)amino ] »™*-f™4 a* 

Coupled with pyrrolidine: 1 H NMR (DMSO-dg) : 
5 6 11.26 (br e, 1H) , 8.89 (s, 1H) , 7.81 (d, J * 8.9 Hz, 
2H), 7.10 (d, J * 8.9 Hz, 2H) , 4.09 (s, 2H) , 3.85 (s, 
3H), 3.74 <s, 2H), 3.45-3.25 <m, 4H) , 1.93-1.72 
(m, 4H) ; MS ( thermospr ay ) : m/z 372 (M+l) : Analysis 
calculated for C 15 H 21 N 3 0 6 S: C, 48.51; H, 5.70; N, 
10 11.31. Found: C, 4B.51; H, 5.82; N, 11.24. 

EXAMPLE 16 
2- fDimethvlcar ^»^Y 1,ft gthvl (4- 
methoxvbenzenesulf onvl) amino] -N-hvdroxyacet amide 

Coupled with dime thy 1 amine : mp: 170 °C. 
15 (dec); 1 H NMR (DMSO-dg) : 6 10.69 (br 8, 1H) , 8.88 (b # 
1H) , 7.91 (d, J « 8.9 Hz, 2H) , 7.06 (d, J = 8.9 Hz, 
2H), 4.19 (s, 2H), 3.85 (b, 3H) , 3.73 (b, 2H) , 2.94 
(b, 3H) , 2.84 (s, 3H) ; MS ( thermospr ay ) : m/z 346 
(M+l); Analysis calculated for C 13 H 19 N 3 0gS: C, 45.21; 
20 H, 5.55 N, 12.17. Pound: C, 44.93, H f 5.61; N, 12.03. 

EXAMPLE 17 
2- (R) -2* r (2-Carbamovlethvl) (4- 
methoxvbenzeneeulf onv j )»™-»™ q] -N-hydroxv-3 - 
me thvlbu tvr amide 
25 To a solution of 2- (R) -2- [ (2-carboxyethyl (4- 

me thoxybenzenesulf onyl ) amino] - 3 -methylbutyric acid 
benzyl ester (example 2) (900 mg., 2.0 mmol) in 
methylene chloride (10 mL) was added thionyl chloride 
(0.16 mL, 2.2 mmol) . The reaction mixture was stirred 
30 for 1.5 hours at roam temperature and then concentrated 
in vacuo. After dissolving the residue in methylene 
chloride (10 mL) , ammonia gas was bubbled through the 
solution for 0.5 minutes. The solution was stirred at 
room temperature overnight and was concentrated under 
35 vacuum. Flash chromatography of the residue on silica 
g 1 eluting with 2% me than 1 in chloroform provided 2- 
(R) -2- [ (2 -carbamoyl ethyl) (4- 
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methoxybenzenesulf onyl) amino] -N- hydroxy- 3 -methylbutyric 
acid benzyl ester as a clear oil (275 mg, 31%) . 

To a solution of 2-(R)-2-[(2- 
carbamoylethyl) (4 -methoxybenzenesulf onyl) amino] -N- 
5 hydroxy- 3 -methylbutyric acid benzyl ester (275 mg, 0.61 
mmol) in ethanol (15 mL) was added 10% palladium on 
activated carbon (30 mg) . The mixture was agitated 
under 3 atmospheres hydrogen in a Parr shaker for 5 
hours* The catalyst was removed by filtration through 
10 diatomaceous earth and the solvent was evaporated 
leaving 2- (R) -2- [ (2-carbamoylethyl) (4- 

methoxybenzenesulf onyl) amino] -N-hydroxy- 3 -methylbutyric 
acid as a white foam, 211 mg (96%) * 

To a solution of 2-{R)-2-[(2- 
15 carbamoylethyl) (4 -methoxybenzenesulf onyl) amino] -N- 

hydroxy- 3 -methylbutyric acid (205 mg, 0.57 mmol) and 1- 
hydroxybenztriazole hydrate (85 mg, 0.55 mmol) in dry 
dimethylf ormamide (5 mL) was added l-(3- 
dimethylaminopropyl) -3-ethylcarbodiimide hydrochloride 
20 (120 mg, 0.63 mmol). After stirring for 30 minutes, 

hydroxylamine hydrochloride (158 mg, 2.3 mmol) and then 
N-methylmorpholint (0.37 ml*, 3.4 mmol) were added. The 
mixture was stirred at room temperature overnight and 
then diluted with ethyl acetate. The solution was 
25 washed with water and brine. The solution was then 
dried over magnesium sulfate and concentrated under 
vacuum to leave an oil which was chroma tographed on 
silica gel eluting with 2% methanol in chloroform to 
afford 2- (R) -2- [(2-carbamoylethyl) (4- 
30 methoxybenzenesulf onyl) amino] -N-hydroxy-3- 

methylbutyramide as a white solid, 45 mg (21%) ; X H NMR 
(DMSO-d 6 ): 6 10.74 (br s, 1H) , 8.91 (br b, 1H) , 7.74 
(d, J - 8.8 Hz, 2H), 7.33 (br s, 1H) , 7.07 (d, J = 8.8 
Hz, 2H), 6.79 (br s, 1H) , 3.93-3.82 (m, 1H, 
35 overlapped), 3.83 (s, 3H) , 3.64 (d, J « 10.7 Hz, 1H) , 
3.25-3.12 (m, 1H) , 2.62-2.48 (m, 1H) , 2.42-2.30 (m, 
1H), 2.06-1.94 (m, 1H) , 0.79 (d, J « 6.6 Hz, 3H) , 0.76 
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(d, J = 6.6 Hz, 3H) ; MS (th zmospray) : m/z 374 (M+H) . 

EXAMPLE *8 

2 - (R) -2- f (2-tert-Butoxvcarbonvlethvl) (4- 
methoxybenze neBulfopy 1 ) -«"«iw 0 ] -N-hvd roxy-3- 
5 me thvlbu tvr amide 

A solution of N, N- dime thylf ormamide di-tert- 
butyl acetal (1.9 mL, 7.9 nnaol) in toluene (15 mL) was 
added dropwise to a solution of 2-(R)-2-[(2- 
carboxyethyl (4-methoxybenzenesulf onyl) amino] -3- 
10 methylbutyric acid benzyl ester (example 2) 900 mg, 2.0 
mxnol) in toluene at 80 °C. After heating for 2 hours at 
80 °C, the mixture was cooled and concentrated to leave 
an amber oil which was chromatographed on silica gel 
eluting with chloroform to afford (2- (R) -2- [ (2- tert- 
15 butoxycarbonylethyl) (4-methoxybenzenesulf onyl) amino] -3- 
methylbutyric acid benzyl ester as an oil, 
3.75 mg (37%) . 

To a solution of 2- (R) -2- [ (2-tert- 
butoxycarbonylethyl) (4-methoxybenzenesulf onyl) amino] -3- 
20 methylbutyric acid benzyl ester (370 mg, 0.73 mmol) in 
ethanol (20 mL) was added 10% palladium on activated 
carbon (40 mg) . The mixture was agitated under 3 
atmospheres hydrogen in a Parr shaker for 5 hours. The 
catalyst was removed by filtration through diatomaceous 
25 earth and the solvent was evaporated leaving 2-(R)-2- 
[ (2- tert- butoxycarbonylethyl) (4- 

methoxybenzenesulf onyl) amino] -3 -methylbutyric acid as a 
white foam, 30 mg (100%) • 

To a solution of 2- (R) -2- [ (2-tert- 

30 butoxycarbonylethyl) (4-methoxybenzenesulf onyl) amino] -3- 
methylbutyric acid (303 mg, 0.73 mmol) and 1- 
hydroxybenztriazole hydrate (108 mg, 0.70 mmol) in dry 
dime thylf ormamide (10 mL) was added l-(3- 
dime thy 1 ami nop ropy 1 ) - 3 - ethyl car bodiimide hydrochloride 

35 (153 mg, 0.80 mmol). After stirring for 45 minutes, 

hydroxylamin hydrochloride (203 mg, 2.9 mmol) and then 
N -methyl morpholine (0.48 mL, 4.4 mmol) were added. The 
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mixture was stirred at room temperature vernight and 
then c ncentrated under vacuum. The residue was 
chromatographed on silica gel eluting with 2% methanol 
in chloroform and again with 10% ethyl acetate in 
5 hexane to afford 2- (R) -2 - [ (2 - tert- 

butoxycarbonylethyl) (4-methoxybenzenesulfonyl) amino] -N- 
hydroxy-3-methylbutyramide as a white foam, 135 mg 
(43%); X H NMR (DMSO-dg) : 6 10.77 (br s 1H) , 7.74 <d, 
J = 8.9 Hz, 2H), 7.08 <d, J = 8.9 Hz, 2H) , 3.93-3.82 
10 (m, 1H, overlapped), 3.83 (e, 3H) , 3.64 (d, J = 10.8 
Hz, 1H), 3.26-3.14 (m, 1H) , 2.70-2.60 (m, 1H) , 2.50- 
2.38 (m, 1H) , 2.04-1.91 (m, 1H) , 1.38 (s, 9H) , 0.78 (d, 
J * 6.5 Hz, 3H), 0.72 (d, J « 6.5 Hz, 3H) ; MS 
(thermospray) : m/z 431 (M+H), 375, 314. 
15 EXAMPLE 19 

2- (R)-2- r2-Carboxvethvl) (4- 
methoxvbenzenesulf onvl) - N-hydroxv-3- 
methvlbutyxamide 

To a solution of 2- (R) -2- [2- tert- 
20 butoxycarbonylethyl) (4-methoxybenzenesulfonyl) amino] -N- 
hydroxy-3-methylbutyramide (example 18) (100 mg, 0.23 
mmol) in methylene chloride (1 mL) at 0°C. was added 
trif luoroacetic acid (1 mL) . The mixture was allowed 
to warm to room temperature while stirring overnight. 
25 After evaporation of the trif luoroacetic acid and 

methylene chloride, the residue was chromatographed on 
silica gel eluting with 5% methanol in chloroform. 
Concentration of the appropriate fractions afforded 2- 
(R) -2- [2-carboxyethyl (4-methoxybenzenesulfonyl) amino] - 
30 N-hydroxy-3-methylbutyramide as a white solid, 35 mg 

(41%). X H NMR (DMSO-d 6 ) : 6 10.79 (br s,lH), 8.97 (br 
s, 1H), 7.76 (d, J * 8.9 Hz, 2H) , 7.09 (d, J = 8.9 Hz, 
2H) , 3.95-3.82 <m, 1H, overlapped), 3.84 (s, 3H) , 3.66 
(d, J * 10.8 Hz, 1H), 3.30-3.20 (m, 1H) , 2.73-2.62 (m, 
35 1H), 2.50-2.40 (m, 1H) , 2.07-1.94 (m, 1H) , 0.80 (d, 
J m 6.5 Hz , 3H), 0.74 (d, J « 6.5 Hz, 3H) ? MS 
(thermospray): m/z 375 (M+H), 314. 
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CLAIMS 
1 « A compound of the formula 



R 



3 Wn 



HO N C C N v 

or the pharmaceutically acceptable salts thereof, 
15 wherein 

n is 1 to 6; 

^ X is hydroxy, (C^-Cg) alkoxy or NR 1 R 2 wherein 

R and R are each independently selected from the 
group consisting of hydrogen, (C 1 -C 6 )alkyl, piperidyl. 
20 (Ci-CgJalkylpiperidyl, (Cg-C 10 ) arylpiperidyl , <c 5 - 
C 9 )heteroarylpiperidyl, (C 6 -C 10 )aryl (C x - 
C 6 )alkylpiperidyl, <C 5 -C 9 )heteroaryl (C^- 
C 6 )alkylpiperidyl, (C^-Cg^cylpiperidyl, <Cg-C 10 ) aryl, 
(C 5 -C 9 )heteroaryl, (C 6 -C 10 )aryl (C^-Cg) alkyl, (C 5 - 
25 C 9 )heteroaryl( C:l .C 6 )alkyl, <Cg-C 10 ) aryl <Cg-C 10 ) aryl, 
(C 6- c 10 )ar y 1 t c 6- c 10>» r y 1 <C 1 -C 6 ) alkyl, <C 3 - 
C 6 )cycloalkyl, <C 3 -Cg)cycloalkyl (Cj-Cj) alkyl, R 5 (C 2 - 
C 6 )alkyl, (C 1 -C 5 )alkyl(CHR 5 ) (C 1 -C 6 )alkyl wherein R 5 is 
hydroxy, <C 1 -C 6 )acyloxy, (C 1 -C 6 >alkoxy, piperazino, 
(C 1 -C 6 )acylamino, (C^-Cg) alkyl thio. <Cg-C 10 )arylthio, 
(C 1 -C 6 )alkylsulfinyl, <C 6 -C 10 )arylsulf inyl, (c^- 
C 6 )alkylsulfoxyl, <Cg-C 10 ) aryleulf oxyl, amino, (C^- 
C 6 )alkylamino, ( (C^-Cg) alkyl) 2 amino, (C^- 
Cg)acylpiperazino, (C^-Cg) alkylpiperazino, (Cg- 
c l 0 > ar y 1 ( C x - C g ) alkylpiperazino , ( C 5 - C 9 ) he teroaryl ( c x - 
C 6 ) alkylpiperazino, morpholino, thiomorpholino, 
piperidino or pyrrolidino; R® (C^-Cg) alkyl, (C x - 
C 5 ) alkyl (CHR 6 ) (^-Cgjalkyl wherein R 6 is piperidyl, 
(C 1 -Cg)alkylpiperidyl, (Cg-C 10 ) arylpiperidyl, (C g - 
40 C 10 )aryl(C 1 -Cg)alkylpiperidyl, (C g - 



WO 96/27583 



PCT/US96/02679 



- 56 



C 9 )heteroarylpiperidyl or (C 5 -C«,)het roaryl^^ 
C 6 )alkylpipcridyl; and CH(R 7 )COR 8 wherein R 7 is 
hydrogen, (C^-Cg) alkyl. (Cg-C 10 >aryl (C^-Cg) alkyl, <C 5 - 
C^heteroaryKCi-C^alkyl, (C^-Cg) alkylthio(C 1 - 
5 C 6 ) alkyl, (C 6 -C 10 )arylthio(C 1 -C 6 ) alkyl, (C x - 

C 6 ) alkyleulf inyl (Cj-Cg) alkyl, (Cg-C 10 ) arylsulf inyl (C x - 
C 6 )alkyl, (C 1 -C 6 )alkylaul£onyl(C 1 -Cg) alkyl, (C g - 
C 10 ) arylBulf onyl (C^-Cg) alkyl, hydroxy (C^-Cg) alkyl, 
amino (C^-Cg) alkyl, (C 1 -C 6 )alkylamino(C 1 -Cg) alkyl, ( (C x - 
10 Cg)alkylamino) 2 (C 1 -C 6 )alkyl, R 9 R 10 HCO(C 1 -C 6 ) alkyl or 
R 9 OCO(C 1 -Cg) alkyl wherein R 9 and R 10 are each 
independently selected from the group consisting of 
hydrogen, (C^Cg) alkyl, <Cg-C 10 ) arylt^-Cg) alkyl and 
(Cg-C^heteroaryKCi-Cg) alkyl; and R is R X1 0 or 
15 R 1X R 12 N wherein R 11 and R 12 are each independently 

selected from the group consisting of hydrogen, (C x - 
C 6 )alkyl, (Cg-C^eryMC^-Cg) alkyl *«d (Cg- 
Cp)heteroaryl(C 1 -C 6 ) alkyl; 

or R 1 and R 2 , or R 9 and R 10 , or R and R 
20 may be taken together to form an azetidinyl, 

pyrrolidinyl, morpholinyl, thiomorpholinyl, indolinyl, 
isoindolinyl , tetrahydroquinolinyl , 

tetrahydroisoquinolinyl. (C^-Cg) acylpiperazinyl, {C x - 
C 6 )alkylpiperazinyl, (Cg-C 10 ) arylpiperazinyl, <C 5 - 
25 C 9 )heteroarylpiperazinyl or a bridged diazabicycloalkyl 
ring selected from the group consisting of 

I I 



30 









(" 


(CH 2 )^J 


(CH 2 ] 








b 



c 
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«*2>r 



<*2>p 



N 




10 



wherein r is 1, 2 or 3; 

m is 1 or 2; 

p is 0 or 1; and 



Q is hydrogen, (^-€3) alkyl or (C 1 -C 6 )acyl; 

R 3 and R 4 are each independently selected 
from the group consisting of hydrogen, (C^-Cg) alkyl, 
trif luoromethyl, trif luoromethyl (C^-Cg) alkyl, 
15 C 6 )alkyl (dif luor ©methylene) , (C x - 

C 3 ) alkyl (dif luoromethylene) (0^3) alkyl , (Cg - C 10 ) aryl , 
(C 5 -C 9 )heteroaryl, (Cg-C 10 ) aryl (C^Cg) alkyl, <C 5 - 
C 9 )heteroaryl (C 1 -C 6 ) alkyl , (Cg-C 1Q ) aryl (C 6 -C 10 ) aryl, 

(c 6- c io )ar y 1(c 6- c io )ar y 1 < c i- c 6 )alk y 1 ' < c 3- 

20 C 6 ) cycloalkyl , ( C 3 - Cg ) cycloalkyl ( C x - Cg ) alkyl , 

hydroxy (C^Cg) alkyl, (C 1 -C 6 )acyloxy(C 1 -C 6 ) alkyl, (C x - 
Cg) alkoxy (C^-Cg) alkyl, piperazinyl (C^-Cg) alkyl, (C 1 - 
Cg) acylamino (C^-Cg) alkyl, piper idyl, (C 1 - 
C 6 ) alkylpiperidyl, (Cg-C 10 ) aryl (C^-Cg) alkoxy (C x - 

25 Cg) alkyl, (C 5 -C 9 ) heteroaryl (C^Cg) alkoxy (C^Cg) alkyl, 
(C^CgJalkylthiotC^-Cg) alkyl, (Cg-C 10 ) arylthio (C x - 
C 6 ) alkyl, (^-CgJalkylsulfinyK^-Cg) alkyl, (Cg- 
C 10 )arylsulfinyl(C 1 -Cg) alkyl, (C^Cg) alkylsulf onyl (C x - 
Cg) alkyl, (Cg-C 10 ) arylsulf onyl (C^Cg) alkyl, amino (C^ 

30 Cg) alkyl, (C^Cg) alkylamino (C^Cg) alkyl, ( (C^ 

C 6 )alkylamino) 2 (C 1 -Cg)alkyl, R 13 CO (C^Cg) alkyl wherein 
R 13 is R 20 O or R 20 R 21 N wherein R 20 and R 21 are each 
independently selected from the group consisting of 
hydrogen, (C 1 -Cg)alkyl, (Cg-C 1Q ) aryl (C^Cg) alkyl or 

35 (C 5 -C 9 )heteroaryl(C 1 -Cg)alkyl; or R 14 (C^Cg) alkyl 
wherein R 14 is (C^-Cg) acylpiperazino, (Cg- 
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C 10 )arylpiperazino, (C 5 -C 9 )h teroarylpiperazino, (C x - 
C 6 ) alky Ipiperaz ino , ( C g - C x 0 ) aryl ( C 1 - C g ) alky Ipiper az ino , 
(C 5 - C 9 ) heteroaryl ( C x -Cg ) alkylpiperazino , morpholino , 
thiomorpholino, piperidino, pyrrolidino, piperidyl, 
5 (C 1 -C 6 )alkylpiperidyl, <Cg-C 10 ) arylpiperidyl, <C 5 - 
C 9 ) heteroarylpiperidyl, <Cg-C 10 > aryl (C^- 
C 6 ) alky Ipiper idyl , (C 5 -C 9 ) heteroaryl (C x - 
C € )alkylpiperidyl or (C^-Cg) acylpiperidyl; 

or R 3 and R 4 , or R 20 and R 21 may be taken 
10 together to form a ^-Cg) cycloalkyl, oxacyclohexyl, 
thiocyclohexyl, indanyl or tetralinyl ring or a group 
of the formula 

o 

wherein R 15 is hydrogen, (C^-Cgjacyl, (C^-Cg) alkyl, 
20 (C 6 -C 10 )aryKC 1 -Cg)alkyl, (C 5 -C 9 ) heteroaryl (C^-Cg) alkyl 
or (C 1 -C 6 ) alkyleulfonyl; and 

Ar is (C 6 -C 10 )aryl, <C 5 -C 9 ) heteroaryl, (C^- 
C 6 )alkyl(Cg-C 10 )aryl, (C^-Cg) alkoxy (Cg-C 10 ) aryl, ((C^- 
Cg)alkoxy) 2 (Cg-C 10 )aryl ff {Cg-C 10 >aryloxy{C 6 -C 10 )aryl, 
25 (C 5 -C 9 )heteroaryloxy(C 6 -C 10 )aryl, (C^-Cg) alkyl <C 5 - 

C 9 ) heteroaryl, (C^-Cg) alkoxy (C 5 -C 9 ) heteroaryl, ((C^- 

C 6 )alkoxy) 2 (C 5 -C 9 ) heteroaryl, (Cg-C 10 ) aryloxy (C 5 - 

C 9 ) heteroaryl , (C 5 - C 9 ) heteroaryloxy ( C 5 - C 9 ) heteroaryl ; 

with the proviso that when either R 1 or R 2 is 
30 CH(R 7 )COR 8 wherein R 7 and R 8 are as defined above, the 
other of R 1 or R 2 is hydrogen, (C^-Cg) alkyl or benzyl. 
2. a compound according to claim 1, wherein n 

is 2 . 

3^ a compound according to claim 1, wherein Ar 

35 is 4-methoxyphenyl or 4 -phenoxypheny 1 . 

4. & compound according to claim 1, 2 or 3, 

wherein either R 3 or R 4 is not hydrogen. 

5^ a compound according to claim 1, wherein n is 
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1 and either R 1 r R 2 is hydrogen. 

6- A compound according to claim 4, wherein x is 

hydroxy. Ar is 4-methoxyphenyl or 4-phenoxyphenyl. 

7. a compound according to claim 4, wherein X is 
5 alkoxy, Ar is 4-methoxyphenyl or 4-phenoxyphenyl. 

8. A compound according to claim 1, wherein Ar 
is 4-methoxyphenyl or 4-phenoxyphenyl and R 3 and R 4 are 
taken together to form (C 3 -Cg)cycloalkanyl, 
oxacyclohexanyl, thioeyclohexanyl, indanyl or a group 

10 of the formula 



15 



30 



o 



4" 



wherein R 15 is (C^-Cgjacyl, (C^-Cg) alkyl, ( Cg - 
C 10 )aryl(C 1 -C 6 )aHcyl, (C 5 -C 9 ) he teroaryl (C^-Cg) alkyl or 
(c l" c 6 ) al *ylsulfonyl. 

20 9 * A compound according to claim 1, wherein n is 

2, Ar is 4-methoxyphenyl or 4-phenoxyphenyl, R 1 and R 2 
are taken together to form piperazinyl, (c^- 
Cg)alkylpiperazinyl. (Cg-C 1() )aryl piperazinyl or <C 5 - 
CgJheteroaryK^-CgJalkylpiperazinyl, and either R 3 or 

25 R iB not hydrogen or both R 3 and R 4 are not hydrogen. 

10. a compound according to claim 1, wherein n is 
2, Ar is 4-methoxyphenyl or 4-phenoxyphenyl, R 1 is 
hydrogen or (C 1 -Cg) alkyl, R 2 is 2-pyridylmethyl, 3- 
pyridylmethyl or 4-pyridylmethyl, and either R 3 or R 4 
is not hydrogen or both R 3 and R 4 are not hydrogen. 

11. A compound according to claim 1, wherein n is 
1/ Ar is 4-methoxyphenyl or 4-phenoxyphenyl, R 1 is 
hydrogen, R 2 is 2-pyridylmethyl, 3-pyridylmethyl or 4- 
pyridylmethyl, and either R 3 or R 4 is not hydrogen or 

35 both R 3 and R 4 are not hydrogen. 

12. A compound according to claim 2, wherein Ar 
ia 4-methoxyphenyl, R 1 is hydrogen r (C^-Cg) alkyl and 
R is R 5 (C 2 -Cg) alkyl wherein R 5 is morpholino, 
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thiomorpholino, piperidiao, pyrrolidine (C x - 
C 6 )aeylpiperaaino, (C^-Cg) alkylpip razino, <Cg- 
C 10 >arylpiperazino, (C 5 -C 9 )heteroarylpiperazino, (Cg- 
C 10 )aryl(C 1 -C 6 )allcylpipera2ino or (C 5 -C 9 )heteroaryl (C^- 
5 Cg)alkylpiperazino and either R 3 or R 4 is not hydrogen 
or both R 3 and R 4 are not hydrogen. 

13. A confound according to claim 1, wherein n is 

1, Ar is 4-methoxyphenyl or 4 -phenoxyphenyl , R 1 is 
hydrogen, R 2 is R 5 (C 2 -C 6 )alkyl wherein R 5 is 
10 morpholino, thiomorpholino, piperidino, pyrrolidine, 
(C^-CgJacylpiperazino, (Ci-Cgjalkylpiperazino, <Cg- 
C 10 )arylpiperazino, <C 5 -C 9 )heteroarylpiperazino, (Cg- 
C 10 )aryl(C 1 -Cg)alkylpiperazino or (C 5 -C 9 )heteroaryl (C x - 
C 6 )alkylpiperazino and either R 3 or R 4 is not hydrogen 
15 or both R 3 and R 4 are not hydrogen. 

14. A compound according to claim 1, wherein said 

compound is selected from: 

2- (R) -N-Hydroaey-2- [(4- 
methoxybenzenesulfonyl) <3-morpholin-4-yl-3- 
20 oxopropyl) amino] -3 -methylbutyramide; 

2- (R) -2- [(2-Benzylcarbamoylethyl) (4- 
methoxybenzenesulf onyl) amino] -N-hydroxy-3 - 
methylbutyramide ; 

2- (R) -N- Hydroxy- 2- ( (4- 
25 methoxybenzanesulf onyl) (2 - t (pyridin- 3 - 

ylmethyl) carbamoyl) ethyl) amino) -3 -methylbutyramide; 

2- (R) -N-Hydroxy-2- ( [4- 
methoxybenzenesulf onyl) 12- (methylpyr idin- 3 - 
ylmethylcarbamoyl) ethyl] amino) - 3 -methylbutyramide ; 
30 4- (3- [1- (R) -l-Hydroxycarbamoyl-2- 

methylpropyl) (4- 

aethoxybenzenesulfi onyl) amino] propionyl) piperazine-1- 
carboxylic acid, tert-butyl ester; 

2- (R) -N-Hydroxy-2- 1(4- 
35 methoxybenzenesulfonyl) (3-oxo-3-piperazin-l- 

ylpropyl) amino) -3 -methylbutyramide hydrochloride; 
2- (R) -2- [ (Benzylcarbamoylmethyl) (4- 
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methoxybenzenesulfonyl) amino] N-hydroxy-3- 
methylbutyramide ; 

2- (R) -N-Hydroxy-2- t (4- 
methoxybenzeneaulf onyl] - [ ( 2 -morphol in - 4 - 
5 ylethylcarbamoyl) methyl] amino) -3 -methylbutyramide; 
2- (R) -N-Hydroxy-2- ( (4- 
methoxybenzenesulf onyl) ( [(pyridin-3- 
ylmethyl) carbamoyl] methyl) amino) -3 -methylbutyramide; 
2- (R) -3,3,3-Trifluoro-N-hydroxy-2- 
10 [(methoxybenzenesulfonyl) (3-morpholin-4-yl-3- 
oxopropyl) amino] propionamide; 

2- (R) -N-Hydroxy-2 - ( (4- 
phenoxybenzenesulf onyl) [2- (methylpyridin-4- 
ylmethylcarbamoyl) ether] amino) -3 -methylbutyramide; 
15 4- [4-Methoxybenzenesulfonyl) (3-morpholin-4- 

yl-3-oxopropyl) amino] -l-methylpiperidene-4-carboxylic 
acid hydroxyamide; 

2- (R) -N-Hydroxy-2 - ( (4- 
me thoxybenzenesulf onyl) - [3- (4-methylpiperazin-l-yl) -3- 
2 0 oxopr opy 1 ] amino ) - 3 -me thy lbu tyr amide ; 

2- (R) -2- [ (2 -Car boxy ethyl) (4- 
methoxybenzenesulf onyl) amino] -N-hydroxy-3 - 
me thy lbu tyr amide ; 

[(2-Carboxyethyl) (3,4- 
25 dime thoxybenzenesulf onyl) amino] -N-hydroxy-acetamide; 
2-<R)-2- [(2-Carbamoylethyl) (4- 
me thoxybenzenesulf onyl) amino] -N-hydroxy-3 - 
me thy lbu tyr amide ; 

2- (R) / 3- (R) -3,N-Dihydroxy-2- [ (4- 
30 methoxybenzenesulfonyl) (3-oxo-3-piperidin-l- 
ylpropy 1 ) amino] -butyr amide ; 

2- (R) -N-Hydroxy-2- ( (4- 
methoxybenzenesulf onyl) [3- (methylpyridin-3- 
ylmethylcarbamoyl) propyl] amino) -3 -methylbutyramide; 
35 2- (R) -N-Hydroxy-2- ( (4- 

me thoxybenzenesulf onyl) [2- 

(methylcarboxymethylcarbam yl) ethyl] amino) -3- 
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me thy lbutyr amide ; 

2- (R) -N-Hydroxy-2- ( (4- 
methoxybenzenesulf onyl) - [ (l-methylpiperidin-4- 
yl carbamoyl) methyl] amino) - 3 -methy lbutyramide ; 
5 2- (R) -2-Clyclohexyl-N-hydroxy-2- ( (4- 

methoxybenzenesulfonyl) - [3- (4-methylpiperazin-l-yl) -3- 
oxopropyl] amino) -acet amide; and 

2- (R) -N-Hydroxy-2- 
[ {methoxybenzenesulfonyl) (3-morpholin-4-yl-3- 
10 oxopropyl) amino] -4- (morpholin-4-yl)butyramide. 

15. A pharmaceutical composition for (a) the 

treatment of a condition selected from the group 
consisting of arthritis, cancer, tissue ulceration, 
restenosis, periodontal disease, epidermolysis bullosa, 
15 scleritiB and other diseases characterized by matrix 

metalloproteinase activity, AIDS, sepsis, septic shock 
and other diseases involving the production of tumor 
necrosis factor (TKF) or (b) the inhibition of matrix 
metalloproteinases or the production of tumor necrosis 
20 factor (TNF) in a mammal, including a human, comprising 
an amount of a compound of claim 1 or a 
pharmaceutical ly acceptable salt thereof, effective in 
such treatments and a pharmaceutically acceptable 
carrier. 

25 16. A method for the inhibition of (a) matrix 

metalloproteinases or (b) the production of tumor 
necrosis factor (TNF) in a mammal , including a human, 
comprising administering to said mammal an effective 
amount of a compound of claim 1 or a pharmaceutically 

30 acceptable salt thereof. 

17. a method for treating a condition selected 

from the group consisting of arthritis, cancer, tissue 
ulceration, restenosis, periodontal disease, 
epidermolysis bullosa, scleritis and other diseases 
35 characterized by matrix metalloproteinase activity, 

AIDS, sepsis, septic shock and other diseases involving 
the production of tumor necrosis factor (TNF) in a 
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mammal, including a human, comprising administering to 
said mammal an amount f a compound of claim 1 or a 
pharmaceutical^ acceptable salt thereof, effective in 
treating such a condition. 
5 18. A method of preparing a compound of the 

formula 



10 




I 



or the pharmaceutical^ acceptable salts thereof, 
15 wherein 

n is 1 to 6; 

X is hydroxy, (C^-Cg) alkoxy or NR X R wherein 
R 1 and R 2 are each independently selected from the 
group consisting of hydrogen, (C 1 -C 6 ) alkyl, piperidyl, 
20 (Cj^-Cg) alley lpiperidyl, (Cg-C 10 ) arylpiperidyl, (C 5 - 
C 9 ) he teroarylpiper idyl , (Cg - C 10 ) aryl ( C x - 
Cg) alky lpiper idyl, (C 5 -C 9 ) heteroaryl <C X - 
C 6 ) alkylpiperidyl , (C x -Cg ) acy lpiper idyl , (C 6 - C 10 ) aryl , 
(C 5 -C 9 ) heteroaryl, (Cg-C 10 )aryl (C^Cg) alkyl, <C 5 - 
25 C 9 ) heteroaryl ( C x - Cg ) alkyl , ( Cg - C 10 ) aryl ( C 6 - C 10 ) aryl , 
(C 6 -C 10 > aryl (C 6 -C 10 ) aryl (Ci-Cgjalkyl, (C 3 - 
C 6 ) cycloalkyl , ( C 3 - C g ) cycloalkyl ( C x - Cg ) alkyl , R 5 ( C 2 - 
C 6 )alkyl, (Cj^-Cg) alkyl (CHR 5 ) (C x -C 6 ) alkyl wherein R 5 is 
hydroxy, (C^Cg) aeyloxy, (C^Cg) alkoxy, piperazino, 
30 (C^-Cg) acylamino, (C x -Cg) alkylthio, (Cg-C 10 ) arylthio, 
(C 1 -C 6 )alkylsulfinyl, (Cg-C 10 )arylsulf inyl, (C x - 
C 6 )alkylsulfoxyl, <Cg«C 10 ) arylsulf oxyl, amino, (C^ 
C 6 ) alkylamino, { (C^Cg) alkyl) 2 amino, <C X - 
Cg) acylpiperazino, (C^Cg) alkylpiperazino, <Cg- 
35 c 1Q ) aryl (C^^-Cg) alkylpiperazino, (C 5 -C 9 )heter aryKC^^- 
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Cg) alkylpiperazino, morpholino, thiomorpholino, 
pipcridino or pyrrolidino; R 6 (C^Cg) alkyl, (C^ 
C 5 )alkyl(CHR 6 ) (C^Cg ) alkyl herein R € is piperidyl, 
< c l ' c 6 ) al]cy IpiP*^ 1 ^ 1 • <c 6 ~ c 10 ) arylpiperidyl , < Cg - 
5 C 10 ) aryl (C^Cg) alkylpiperidyl, (C 5 - 

C 9 ) heteroarylpiperidyl or ( C 5 - C 9 ) he teroaryl ( C x - 
C 6 )alkylpiperidyl; and CH(R 7 )COR 8 wherein R 7 is 
hydrogen, <C 1 -C 6 ) alkyl, (Cg-C 10 ) aryl (C^Cg) alkyl, (C 5 - 
C g ) he teroaryl ( C x - C 6 ) alkyl , ( C x - C fi ) alkyl thio ( C x - 

10 C 6 ) alkyl, (C 6 -C 10 )arylthio(C 1 -Cg) alkyl, (C^- 

C 6 )alkylsulfinyl(C 1 -Cg) alkyl, <Cg-C 10 ) arylsulf inyl (C^ 
Cg) alkyl, (C^-CgJalkylsulfonyKC^-Cg) alkyl, <Cg- 
C 10 ) arylsulf onyl (C^Cg) alkyl, hydroxy (C^Cg) alkyl, 
amino { C x - Cg ) alkyl , ( - Cg ) alky lamino < C a - Cg ) alkyl , { ( C x - 

15 C 6 )alkylamino) 2 (C 1 -Cg)alkyl, R 9 R 10 NCO (C^Cg) alkyl or 
R 9 OCO(C 1 -Cg) alkyl wherein R 9 and R 10 are each 
independently selected from the group consisting of 
hydrogen, (C^-Cg) alkyl, <Cg-C 10 ) aryl (C^Cg) alkyl and 
( C 5 - C 9 > he teroaryl (C^-Cg) alkyl; and R B is R X1 0 or 

20 R 11 R 12 N wherein R 11 and R 12 are each independently 

selected from the group consisting of hydrogen, {C^- 
C 6 ) alkyl, (Cg-C 10 ) aryl (C 1 -Cg) alkyl and <C 5 - 
C 9 ) heteroaryl ( C x - Cg ) alkyl ; 

or R 1 and R 2 , or R 9 and R 10 , or R 11 and R 12 

25 may be taken together to form an azetidinyl, 

pyrrolidinyl , morpholinyl , thiomorpholinyl , indolinyl , 
isoindolinyl , tetrahydroquinolinyl , 

tetrahydroisoguinolinyl, (C 1 -Cg)acylpiperazinyl, (C^ 
C 6 )alkylpiperazinyl, (Cg-C 1Q ) arylpiperazinyl, (C 5 - 
30 C 9 )heteroarylpiperazinyl or a bridged diazabicycloalkyl 
ring selected from the group consisting of 
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d e 
wherein r is 1, 2 or 3; 
15 in is 1 or 2; 

p is 0 or 1; and 

Q is hydrogen, (C^-Cj) alkyl or (C 1 -C g )acvl; 

R 3 and R 4 are each independently selected 
from the group consisting of hydrogen, (C^-Cg) alkyl, 
20 trifluoromethyl, tr if luorome thy 1 (C^-Cg) alkyl, (C^- 
Cg) alkyl (dif luoromethylene) , (C^- 

C 3 ) alkyl ( dif luoromethylene ) ( C x - C 3 ) alkyl , ( C 6 - C x 0 ) aryl , 
(C 5 -C 9 )heteroaryl, <Cg-C 10 ) aryl (C^-Cg) alkyl, (C 5 - 
CpJheteroaryK^-Cg) alkyl, <Cg-C 10 ) aryl (Cg-C 10 ) aryl, 

25 <C 6 -C 10 ) aryl (C 6 -C 10 ) aryl (^-Cg) alkyl, <C 3 - 

C € ) cycloalkyl , <C 3 - C 6 ) cycloalkyl { C x - C $ ) alkyl , 
hydroxy ( C x - Cg ) alkyl , ( C 2 - C 6 ) acyloxy { C x - C 6 ) alkyl , { C x - 
Cg) alkoxy (C^-Cg) alkyl, piperazinyl (C^-Cg) alkyl, (c^- 
C g ) acylamino ( C 1 - C g ) alkyl , piperidy 1 , { - 

30 C 6 )alkylpiperidyl, <Cg-C 10 ) aryl (C^-Cg) alkoxy (C^- 

Cg ) alkyl , C s - C 9 ) he teroaryl (C^-Cg) alkoxy { C x - Cg ) alkyl , 
{C 1 -C 6 )alkylthio(C 1 -Cg) alkyl, <Cg-C 10 ) arylthio (C^- 
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C 6 )al)cyl, (C 1 -C 6 )al)cylBulfinyl{C 1 -C 6 )alkyl / (Cg- 
C 10 ) arylsulf inyl (C^Cg) alkyl, (C^Cg) alkylsulf onyl (C x - 
Cg) alkyl, (Cg-^QjarylBulfonyK^-CgJallcyl, amino (C^ 
C 6 ) alkyl, (C 1 -Cg)alkylamino(C 1 -Cg) alkyl, ((C^ 
5 C 6 )alkylamino) 2 (C 1 -Cg)alkyl / R 13 CO (C^Cg) alkyl wherein 
R 13 is R 20 O or R 20 R 21 N wherein R 20 and R 21 are each 
independently selected from the group consisting of 
hydrogen, (C^-Cg) alkyl, (Cg-C 1Q ) aryl (C^Cg) alkyl or 
(C 5 -C 9 )heteroaryl(C 1 -Cg) alkyl; or R 14 (C^-Cg) alkyl 

10 wherein R is (C^-Cg) acylpiperazino, (Cg- 

C 10 ) arylpiperazino, (Cg-Cg) heteroarylpiperazino, (C^- 
Cg) alkylpiperazino, (Cg-C 10 ) aryl (C 1 -Cg)alkylpiperazino, 
( C 5 - Cg ) heteroaryl { - Cg ) alkylpiperaz ino , morpholino , 
thiomorpholino, piperidino, pyrrolidino, piperidyl, 

15 (C^Cg) alkylpiperidyl, (Cg-C 10 ) arylpiperidyl, (C 5 - 
Cg) heteroarylpiperidyl, (Cg-C 10 ) aryl (C 1 - 
Cg) alkylpiperidyl, (C 5 -Cg) heteroaryl (C^ 
Cg) alkylpiperidyl or (C^Cg) acylpiperidyl; 

or R 3 and R 4 , or R 20 and R 21 may be taken 

20 together to form a (C 3 -Cg) cycloalkyl, oxacyclohexyl, 
thiocyclohexyl, indanyl or tetralinyl ring or a group 
of the formula 



25 




wherein R 15 is hydrogen, (C 1 -Cg)acyl, (C^Cg) alkyl, 
30 (C 6 -C 10 ) aryl (C 1 -Cg) alkyl, (C 5 -Cg) heteroaryl (C^Cg) alkyl 
or (C^-Cg) alkylsulf onyl; and 

Ar is (C 6 -C 10 )aryl, (C 5 -Cg) heteroaryl, (C x - 
C 6 ) alkyl (Cg-C 10 ) aryl, (C 1 -Cg)alkoxy (Cg-C 1Q ) aryl, ( (C x - 
C 6 ) alkoxy) 2 (Cg-C 10 ) aryl, (Cg-C 10 ) aryloxy (Cg-C 10 ) aryl, 
35 (C 5 -C 9 )heteroaryloxy(Cg-C 10 )aryl, (C^CgJalkyl (C 5 - 

C 9 ) he t eroary 1 , ( C 1 - C 6 ) alkoxy ( C 5 - C 9 ) heteroaryl , ( ( C x - 

Cg ) alkoxy) 2 (C 5 -Cg ) heteroaryl , (Cg -C 10 ) aryloxy (C 5 - 

C 9 ) het roaryl , (C 5 - Cg ) heteroaryloxy (C 5 - Cg) heteroaryl ; 
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with the proviso that when either R 1 or R 2 i B 
CH(R 7 )COR 8 wherein R 7 and R 8 are as defined above, the 
other of R 1 or R 2 is hydrogen, (C^-C^alky! or benzyl; 
comprising reacting a compound of the formula 



5 




wherein n # X, R , R and Ar are as defined above with 
1- (3-dimethylaminopropyl) -3-ethylcarbodiimide, 1- 
15 hydroxybenztriazole and hydroxyl amine . 
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